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ABSTRACT OF THESIS
B e n z y l i d e n e a c e t o n e  has "been s u b j e c t e d  to the  Schmidt  
r e a c t i o n  i n  s u l p h u r i c  a c i d  under  v a r i o u s  c o n d i t i o n s ? and the  
o n ly  amide i s o l a t e d  was N-methylc innamamide . B e n z y l i d e n e ac e to n e  
jr -methoxy—, ]r~nitro~* and m ~ n i t r o ~ b e n z y l i d e n e a c e t o n e s  were  
s u b j e c t e d  to the Schmidt r e a c t i o n  in  h y d r o c h l o r i c  a c i d  and in  
p o l y p h o s p h o r i c  a c i d .  In h y d r o c h l o r i c  a c i d  each ketone  gave  a 
good y i e l d  o f  th© N-methyl c innamamide . In  p o l y p h o s p h o r i c  a c i d  
the n i t r o b e n z y l i d e n e a c e t o n e s  gave a m ix tu re  o f  the R - s t y r y l a c e t a -  
mide and the N—methylc innamamide , b e n z y l i d e n e a c e t o n e  gave  ma in ly  
N—methylc innamamide , o n l y  a t r a c e  o f  N—s t y r y l a c e t a m i d e  b e i n g  
i s o l a t e d  in  some runs  o f  shor tened d u r a t i o n ,  and the N - m e t h y l -  
cinnamamide was the o n l y  amide i s o l a t e d  f rom p^-methoxybenzyl— 
i d e n e a c e t o n e . The f o r m a t i o n  o f  a n i l i n e  and j o - a n i s i d i n e  d u r in g  
the r e a c t i o n s  o f  b e n z y l i d e n e a c e t o n e  and j r -m e th o x y b e n z y l i d e n e -  
acetone  in  p o l y p h o s p h o r i c  a c i d  has been e x p l a i n e d .  A mechanism 
has been p roposed  to e x p l a i n  the e x c l u s i v e  p r o d u c t i o n  o f  the  
N-methylc innamamides  in  h y d r o c h l o r i c  a c i d ,  and the n o v e l  v a r i a ­
t i o n  o f  the amide r a t i o  w i th  s o l v e n t  o b s e r v e d  in  the r e a c t i o n s  
w i th  the n i t r o b e n z y l i d e n e a c e t o n e s .  The Beckmann r ea r r a n g e m e n t s  
o f  the a - o x im e s  o f  b e n z y l i d e n e a c e t o n e ,  p - n i t r o -  and m - n i t r o -  
b e n z y l i d e n e a c e t o n e s  have been r e - e x a m in e d .
Methyl  v i n y l  k e ton e ,  methyl  i s o ’pro 'penyl  ketone  and 
m e s i t y l  ox id e  were s u b j e c t e d  to Schmidt r e a c t i o n  c o n d i t i o n s  
i n  h y d r o c h l o r i c  a c i d .  Ammonia was i s o l a t e d  f rom each r e a c t i o n  
and,  in  a d d i t i o n  methyl  v i n y l  ketone  gave  d i a c e t y l ,  methyl  
i s o j j r o p e n y l  ketone  gave methyl  e t h y l  k e tone ,  and m e s i t y l  o x ide  
gave  methylamine and a ce ton e .  A d d i t i o n  o f  h y d r a z o i c  a c i d  to  
the o l e f i n i c  bond o f  the ke tones  y i e l d e d  azido lcetone s , 
decom pos i t i on  o f  which in  a c i d s  gave ammonia in  each c a s e ,  
d i a c e t y l  and e th y l e n e d ia m in e  f rom the a z i d e  o f  methyl  v i n y l  
k e to n e ,  shown to be l - “a z i d o b u t a n —3~ on e , and methylamine f rom  
the a z i d e  o f  m e s i t y l  o x i d e ,  A mechanism f o r  the decompos i t ion  
o f  l - ~ a z i d o b u t a n - 3“ 0*ie has  been p roposed .
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P A a T X
THE HISTORICAL INTRODUCTION
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The te rm  Schmidt r e a c t i o n  i s  u s u a l l y  r e s e r v e d  f o r  the  
r e a c t i o n  between h y d r a z o ic  a c id  and k e to n e s ,  a ld e h yd es  and ca rb o ­
x y l i c  a c id s  in  th e  p re sence  o f  a s t ro n g  a c i d .  The p ro d u c t  from  
a symmetrical k e to n e  i s  an amide,  w i t h  t e t r a z o l e s ,  n i t r i l e s ,  u reas  
and a m i n o t e t r a z o l e s  o c c u r r i n g  as b y - p r o d u c t s .
THE SCHMIDT REACTION
R« C 0 o NH * R + R . N =*~«=.C • R *
R.CO.R *
N. NV
+ R.NH. CO „NH.R + R.NH.C—  N.R
N N 
N
Prom an u n s y m m e tr ic a l  ke tone  a m ix t u r e  o f  i s o m e r ic  amides  
i s  g e n e r a l l y  o b t a i n e d .
R.CO.R* R f .NH.CO.R + R.NH.CO.R*
The p ro d u c t  o f  a Schmidt r e a c t i o n  o f  an a ldehyde  is  
u s u a l l y  a m ix t u r e  o f  a formamide and a n i t r i l e ,
R . CHO
0
U
R.C ~ N + R.NH.C -  H
and from an a c id  an amine i s  o b t a in e d .
r . co2h R.NH,
- 1 3 -
I n  a d d i t i o n  c e r t a i n  a lc o h o ls  and o l e f i n s  w i l l  r e a c t  w i th  
h y d r a z o ic  a c id  i n  the  presence  o f  a s t ro n g  a c i d .  The p ro d u c ts  
a re  u s u a l l y  im in e s  or  t h e i r  d e g r a d a t io n  p r o d u c t s .
E.. CH(OH) .R > E .G H:N .R
R2 . C: CH2 R . C. CH ^
N.R
The c o n d i t i o n s  t h a t  have been used i n  the  Schmidt r e a c t i o n  
a re  v a r i o u s .  I n  g e n e r a l ,  however,  the  compound i s  d i s s o l v e d  
or  suspended i n  a m ix t u r e  o f  the  s t ro n g  a c id  and an o r g a n ic  
s o lv e n t  ( e . g .  c h l o r o f o r m / s u l p h u r i c  a c i d ) ,  o r  i n  the a c i d  a lon e  
( e . g .  s u lp h u r ic  a c i d ,  p o ly p h o s p h o r ic  a c id  o r  h y d r o c h l o r i c  a c i d ) ,  
and a l lo w e d  to  r e a c t  w i t h  h y d r a z o ic  a c i d .  The l a t t e r  may be 
added as a s o l u t i o n  i n  an o r g a n ic  s o l v e n t ,  o r  g e n e ra te d  in, s i t u  
by add ing  sodium a z id e  to  th e  r e a c t i o n  m i x t u r e .
THE MECHANISM OF THE SCHMIDT REACTION
Schmidt [ l ]  i n  1 9 2 3 ,  w h i l e  s tu d y in g  the  de c o m p o s i t io n  
o f  h y d r a z o ic  a c id  i n  a m ix t u r e  o f  benzene and s u l p h u r i c  a c id  
a t  6 0 ° ,  o b t a in e d  a n i l i n e  as the m ajor  p r o d u c t .  S ince  he 
b e l i e v e d  t h a t  the  d e c o m p o s i t io n  i n v o l v e d  the  NH r a d i o l e ,  he 
i n t r o d u c e d  benzophenone to  th e  r e a c t i o n  m ix t u r e  in  an e f f o r t  
to  c a p tu r e  t h i s  i n t e r m e d i a t e !  b e n z a n i l i d e  was o b t a in e d  i n
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a lm ost  q u a n t i t a t i v e  y i e l d .  A l tho ug h th e  in l ine  r a d i c l e  is  known 
to  ta k e  p a r t  in  c e r t a i n  r e a c t i o n s  [ 2 ] ,  th e  id e a  o f  i t s  i n v o l v e ­
ment i n  th e  Schmidt r e a c t i o n  was soon abandoned, s ince  many 
ke to n e s  w i l l  r e a c t  smoothly  w i t h  h y d r a z o ic  a c i d  a t  0 ° ,  y e t  the  
l a t t e r  was known to be s t a b l e  a t  t h a t  t e m p e r a t u r e .
I n  1925 O l i v e r i - M a n d a l a  [ 3 ] proposed what i s  i n  essence  
th e  b a s i s  o f  p r e s e n t - d a y  mechanisms f o r  the  k e t o n i c  Schmidt  
r e a c t i o n .  The p r o p o s a l  i n v o l v e d  a d d i t i o n  o f  h y d r a z o ic  a c id  
to  th e  c a rb o n y l  group to  g iv e  an a z i d o h y d r i n ,  whioh r e a r r a n g e d  
w i t h  lo s s  o f  n i t r o g e n  to  g iv e  th e  amide.
R.CO.R R -  C ~ R    ta R.CO.NH.R
T h is  mechanism was e l a b o r a t e d  f i r s t  by Hurd [ A ] > and then  
by B r ig g s  and L y t t l e t o n  [ 5 ] ,  who u t i l i s e d  th e  f o r m u l a t i o n  o f  
h y d r a z o ic  a c id  as a resonance  h y b r id  o f  the  t h r e e  l i n e a r  forms  
below  : —
© © © ©
H -  N = N = N H - N - N ^ n h -  N = N -  N
( i )  ( 1 1 ) ( i n )
The l a t t e r  w o rke rs  suggested t h a t ( l l )  was the form  i n -  
v o lv e d  i n  th e  Schmidt r e a c t i o n ,  and th e y  proposed th e  f o l l o w i n g  
mechanism.
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The k e to n e  and h y d r a z o ic  a c id  undergo m u tu a l  a c t i v a t i o n  
under  the  i n f l u e n c e  o f  the  s t r o n g l y  p o l a r  s u lp h u r i c  a c i d ,  and 
combine to form  the  i n t e r m e d i a t e ( I V ) , which lo s e s  n i t r o g e n  to  
form  (V ) .  The l a t t e r  was supposed to  f o l l o w  a ty p e  o f  Beckmann 
re a r ra n g e m e n t  to  g iv e  th e  amide.  T h is  mechanism was a ls o  
m o d i f i e d  f o r  o a r b o x y l io  a c i d s ,  f o r  i f  H = OH, then  (V ) on r e ­
a rrangem ent  y i e l d s  a c a rb a m a te ,  which on lo s s  o f  carbon  
d io x id e  forms th e  amine.
OH OH
I ® I
R ~ C -  NH ______   x  R -  NH — C@ -  __ x R,NH0 + C0o
I I 2 2
0 0  0 0
I n  1948 two groups o f  w o r k e rs ,  Newman and G-i ldenhorn [ 6 ] 
and Smith [7 ]>  p u t  f o r w a r d  two d i f f e r e n t  mechanisms. The one
proposed by Newman and G-i ldenhorn i s  g iv e n  f i r s t .
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R.CO.R .   R -  g -  OH + A R — C -  OH .
I
NH -  N9
0 ?H , ^ ~ N 2 
R .C O .N H .R ’ r  ~ c -  NHR*
R 1 R 1
I n  th e  same p ap e r  the se  w orkers  a ls o  p u t  f o r w a r d  a 
mechanism f o r  the  Schmidt r e a c t i o n  o f  c a r b o x y l i c  a c i d s ,  based  
on the  f o l l o w i n g  o b s e r v a t io n s .  When 3>5 - d i m e t h y l t e r e p h t h a l i c  
a c id  was s u b je c te d  t o  the  Schmidt r e a c t i o n  i n  s u lp h u r ic  a c id  
the  h in d e r e d  c a r b o x y l  group r e a c t e d  e x c l u s i v e l y ,  and when 
2 , 4 , 6 - t r i m e t h y l b e n z o i c  a c id  was s u b je c te d  to  the  Schmidt r e a c ­
t i o n  i n  th e  same s o l v e n t ,  the  r e a c t i o n  was found to ta k e  p la c e  
a t  0 ° ,  a much lo w e r  te m p e r a tu re  than  u s u a l .  E a r l i e r  work hy
Newman [ 8 ] had shown t h a t  h e a v i l y  h in d e r e d  c a r b o x y l  groups o f
©
t h i s  k in d  r e a d i l y  gave io n s  o f  the ty p e  R.CO i n  s u lp h u r ic  a c id  
as dem o n s tra te d  by th e  p roced ure  o f  e s t e r i f y i n g  2 , 4 , 6 —t r i m e t h y l  
b e n zo ic  a c id  by p o u r in g  i t s  s u lp h u r ic  a c i d  s o l u t i o n  i n t o  
m e th a n o l .  The s u lp h u r i c  a c id  s o l u t i o n s  were shown to  have  
an " i "  f a c t o r  o f  4 ? which i s  c o n s i s t e n t  w i t h  the  f o l l o w i n g  
e q u a t io n .
© © ©
R .C 0 oH + 2HoS0, = R.CO + H -0  + 2HS0,2 2 4- 3 4
T h is  l e d  th e s e  workers to propose the  f o l l o w i n g  mechanism 
f o r  the  Schmidt r e a c t i o n  o f  c a r b o x y l i c  a c i d s .
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O H  0
© HN |j | © ||
R -  C ^  0 R ~ C - N - N  = N ....  ■>,. C -  NH -  R + N
©
( V I )
0
4 H O  ®R — NH -  C© 2 ^  R.NH 3  + C02
O ther  a c i d s ,  suoh as b e n z o ic  a c i d ,  which are  b e l i e v e d  
t o  undergo th e  i o n i s a t i o n
TT© O
Ph .C 02H ^  Ph. C ( OH) 2
i n  s u lp h u r ic  a c id  a t  0 ° ,  w i l l  n o t  r e a c t  w i t h  h y d r a z o ic  a c id
a t  t h i s  t e m p e r a t u r e .  At 4 0 ° ,  how ever,  b e n z o ic  a c id  w i l l  r e a c t ,
and the se  a u th o rs  suppose t h a t  the  e q u i l i b r i u m
© ©
Ph. C ( OH) 2 — Jtah Ph. GO + H20
swings to  the  r i g h t  a t  h i g h e r  te m p e r a tu re s .
They a ls o  p o i n t e d  o u t  t h a t  th e  i n t e r m e d i a t e ( V I )  cou ld  
perhaps be o b t a in e d  by add ing  a p ro to n  to  an a c y l  a z i d e ,  and
t h i s  l e d  them to  p o s t u l a t e  t h a t  the C u r t iu s  r e a c t i o n  should
be a c i d  c a t a l y s e d .  They showed t h a t  t h i s  was so by decomposing
b e n z o y l  a z id e  i n  a number o f  a c i d s .
S m i t h ’ s mechanism f o r  the  k e t o n i c  Schmidt r e a c t i o n  i s  
shown b e lo w .
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The a z id o h y d r in  ( V I I )  lo s e s  w a te r  to  fo rm  an im in o d ia — 
zonium i o n ,  which i s  ca pab le  o f  e x i s t i n g  i n  two g e o m e t r i c a l l y  
i s o m e r ic  forms ( V I I I ^  and V I I X ^ )  when R and R 1 a re  d i f f e r e n t .  
These im in o d ia z o n iu m  io n s  undergo re a r ra n g e m e n t  w i t h  lo s s  o f  
n i t r o g e n  to  g iv e  the  im inooarbon ium  io n s  ( I X ^  and I X £ ) ,  which  
t a k e  up w a t e r ,  to  g i v e ,  e v e n t u a l l y ,  the  amides* By a n a lo g y  
w i t h  th e  Beckmann re a r ra n g e m e n t  i t  i s  assumed t h a t  i n  th e  r e ­
arrang em en t  o f  ( V I I I A) and ( V H I g ) ,  t r a n s  m ig r a t i o n  o f  the  
groups ta k e s  p l a c e .  I t  can be seen t h a t  th e  r e l a t i v e
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p o p u l a t io n s  o f  ( V I I I ^ )  and ( V I I I ^ )  w i l l  d e te rm in e  the  r a t i o  
o f  th e  amides formed u l t i m a t e l y ,  so lon g  as th e  r a t e  o f  r e ­
a rrangem ent  o f  ( V U I t y )  and ( V X I I g )  i s  a p p r e c i a b l y  f a s t e r  th a n  
t h e i r  r a t e  o f  i n t e r c o n v e r s i o n *
Smith p o i n t e d  ou t  th e  g e n e r a l  p a r a l l e l  between th e  r a t i o  
o f  the  i s o m e r ic  amides produced i n  the  Schmidt r e a c t i o n  o f  a 
k e t o n e ,  and the  r a t i o  o f  the  am ides ,  and hence o f  th e  oxxmes, 
o b t a in e d  by th e  Beckmann re a r ra n g e m e n t  o f  the  oxime m ix t u r e s  
o b t a in e d  f rom  th e  same k e to n e .  The r a t i o  o f  th e  oximes u s u a l l y  
conforms to  the  r u l e  t h a t  th e  p red o m in a te  is om er  i s  the  one which  
has th e  b u l k i e r  o f  the  groups R and R ! a n t i  to  the  oxime 
h y d r o x y l  g roup.  The oxime r a t i o  i s  not  i n f l u e n c e d  by th e  
e l e c t r o n i c  e f f e c t s  which d e te rm in e  th e  m i g r a t i o n  r a t i o  i n  r e ­
a rrang em en ts  such as the  p i n a c o l - p i n a c o l o n e  t r a n s f o r m a t i o n .
Smith b e l i e v e d  t h a t  s i m i l a r  b u lk  e f f e c t s  would l i k e w i s e  determ ine  
th e  p o p u l a t i o n s  o f  ( V I I I ^ )  and ( V I I I ^ ) , and hence the  amide r a t i o  
and he proposed t h a t  the  same g e n e r a l  r u l e ,  i . e .  t h a t  th e  b u l k i e r  
group would m ig r a t e  p r e f e r e n t i a l l y ,  a ls o  a p p l i e d  to the  Schmidt  
r e a c t i o n .
I n  support  o f  t h i s  Smith and H o rw i tz  [93 d e te rm in e d  the  
amide r a t i o  f o r  th e  Schmidt r e a c t i o n  o f  a number o f  benzophen— 
ones i n  which one o f  the  p h e n y l  groups was s u b s t i t u t e d  i n  th e  
p a ra  p o s i t i o n .  I n  th e s e  k e to n e s  the  b u lk  o f  two a r y l  groups
i n  th e  ne ighbourhood o f  the  c a rb o n y l  group i s  the  same, b u t ,  
by changing  the  s u b s t i t u e n t ,  t h e i r  e l e c t r o n i c  c h a r a c t e r  cou ld  
be made m arke d ly  d i f f e r e n t .  I n  n e a r l y  e v e ry  case th e  r a t i o  
o f  the  m ig r a t i o n  o f  the  s u b s t i t u t e d  group to  the  u n s u b s t i t u t e d  
group was a lm o st  1 : 1 .  An e x c e p t io n  was jr -methoxybenzaphenonev 
where th e  m ig r a t i o n  r a t i o  was 6 l  : 3 9 , showing a sm a l l  p r e f e r e n c e  
f o r  a n i s y l  m i g r a t i o n .  To see i f  t h i s  was due to  an e l e c t r o n i c  
e f f e c t ,  Smith and Ashby [ 1 0 ]  in t r o d u c e d  e l e c t r o n  w i th d r a w in g  
s u b s t i t u e n t s  i n t o  th e  p r e v i o u s l y  u n s u b s t i t u t e d  r i n g  o f  t h i s  
k e t o n e ,  thus i n c r e a s i n g  the  d i f f e r e n c e  i n  e l e c t r o n i c  c h a r a c t e r  
o f  the  two a r y l  g ro u p s .  W ith  j r - a n is y l - p , * - n i t r o b e n z o p h e n o n e  
and p ~ a n i s y l - p , 1-ch lo ro b e n zo p h e n o n e  the  m ig r a t i o n  r a t i o  r e t u r n e d  
to  a lm o st  1 : 1 .  Smith and H o r w i tz  [ 9 ]  a ls o  c a r r i e d  o u t  the  
r e a c t i o n  on a s e r i e s  o f  p h e n y l  a l k y l  k e to n e s ,  Ph .CO.R ,  where  
R ~ Me, E t ,  i s o - P r . t , -Bu. The m i g r a t i o n  r a t i o  (Ph : R) a l t e r e d  
as p r e d i c t e d  by th e  g r e a t e s t  b u lk  r u l e ,  b e in g  95 : 5 f o r  R = Me, 
83 : 15 f o r  R = E t ,  and 51 • 49 f o r  R = i s o - P r . W ith  R = t, -  Bu 
how ever ,  f r a g m e n t a t io n  r e a c t i o n s  to o k  p l a c e ,  and no a c c u r a te  
amide r a t i o s  cou ld  be e s t a b l i s h e d .
W i th  c e r t a i n  o r t h o  s u b s t i t u t e d  benzophenones [ l l ,  1 2 ,  13]  
th e  r u l e  o f  p r e f e r e n t i a l  m ig r a t i o n  o f  th e  b u l k i e r  group b reaks  
down, th e  b u lk ie r  group m i g r a t i n g  p r e f e r e n t i a l l y  i n  some cases,  
b u t  no t  i n  o t h e r s .  I n  a l a t e r  paper  Smith and A n to n iad es  [1 4 ]
-2 1 -
show how the  Smith mechanism can be ex tended  to  account  f o r  
th e  m ig r a t i o n  r a t i o s  found i n  the  case o f  th es e  k e t o n e s ,  which  
had p r e v i o u s l y  been c o n s id e re d  anomalous, and t h e y  a ls o  g iv e  an 
e x p l a n a t i o n ,  in  term s o f  b u t t r e s s i n g  e f f e c t s ,  f o r  the  p r e f e r ­
e n t i a l  m ig r a t i o n  o f  the  n i t r a t e d  r i n g  i n  some 2 -  and 3 “  
n i t r o f l u o r e n o n e  s.
A rc u s ,  Coombes and Evans [1 5 ]  c r i t i c i z e d  t h i s  mechanismc 
A f t e r  q u o t in g  a number o f  examples i n  w hich  th e  b u l k i e r  group  
does n o t  m ig r a t e  p r e f e r e n t i a l l y ,  t h e y  n o te  t h a t  Smith does n o t  
s t a t e  a t  what stage the  im in ocarbo n iu m  io n  ( I X )  t a k e s  up w a t e r .  
A lth o u g h  the  d e h y d r a t io n  s tep may r e a d i l y  ta k e  p la c e  in  concen­
t r a t e d  s u l p h u r ic  a c i d ,  a p o p u la r  r e a c t i o n  medium, t h e y  doubted  
t h a t  the  h y d r a t i o n  s tep  cou ld  ta k e  p la c e  i n  t h a t  same medium, 
and reasoned  t h a t  the  l a t t e r  stage must be accom pl ished  when the- 
r e a c t i o n  m ix t u r e  i s  poured i n t o  w a te r  a t  th e  c o n c lu s io n  o f  the  
r e a c t i o n .  A c c o r d in g ly  t h e y  c a r r i e d  out  th e  Schmidt r e a c t i o n  on 
f lu o r e n o n e  i n  1 0 0 $  s u lp h u r io  a c i d ,  b u t  i n s t e a d  o f  p o u r in g  the  
r e a c t i o n  m ix t u r e  i n t o  w a t e r ,  th e y  poured i t  i n t o  m e th a n o l .  They 
argued t h a t  i f  th e  Smith mechanism was c o r r e c t ,  then t h i s  should  
l e a d  to  the  p r o d u c t io n  o f  9 - m e t h o x y p h e n a n t h r i d i n e , i n s t e a d  o f  
the  norm al  p r o d u c t ,  p h e n a n th r id o n e .  The l a t t e r  p r o d u c t  was in  
f a c t  o b t a in e d .  Thus th e y  concluded t h a t  th e  Smith mechanism 
was im p ro b a b le .
Arcus et alia then modified the mechanism of Newman and
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G-ildenhorn to  i n c l u d e  a stage which a l lo w e d  g e o m e t r i c a l  e f f e c t s
to  come i n t o  p l a y .  For  the  p r o t o n a t e d  a z i d o h y d r i n ,
©
RR1 . C( OH) ,NH .N 2 s Newman and G-i ldenhorn,  t h e y  s u b s t i t u t e d  
the  hydrogen bonded e n t i t i e s  b e lo w .
These s t r u c t u r e s  have a four-m em bered r i n g .  The r i n g  
n i t r o g e n  b e in g  in  th e  p y r a m id a l  form  a l lo w s  two g e o m e t r ic a l  
isom ers  t o  e x i s t ,  each h a v in g  an o p t i c a l  is o m e r ,  and each b e in g  
p r e s e n t  as a race m ic  m ix t u r e .  They proposed t h a t  t r a n s  m ig r a ­
t i o n  o f  R and R ! t a k e s  p la c e  as n i t r o g e n  s p l i t s  o f f .  Thus 
(X^ )  and (Xg)  would l e a d  s e p a r a t e l y  to th e  two amides.  The 
r e l a t i v e  p o p u la t i o n s  o f  the two g e o m e t r ic a l  is o m e rs ,  and hence  
t h e  amide r a t i o ,  depend upon b o th  p o l a r  and s t e r i c  e f f e c t s .
Smith and A n to n ia d es  r e p l i e d  by s t a t i n g  t h a t  th e  im in o — 
carbonium io n  ( I X ^ ,  ^X^) o f  the  Smith mechanism must he h y d r a te d  
b e f o r e  the  r e a c t i o n  m ix t u r e  i s  poured in t o  w a t e r .  As ev ide n ce  
f o r  the  e x is t e n c e  o f  th e  im in ocarbo n iu m  ion  in  th e  Schmidt  
r e a c t i o n ,  th e y  p o in t e d  to  some e a r l i e r  work by Schmidt [ l 6 ] ,  who 
had c a r r i e d  o u t  th e  Schmidt r e a c t i o n  o f  k e to n e s  in  the  presence
H H
I
1 ,  V
N© ( X n )
lit B
N
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o f  a l c o h o l s .  I n  such a system the  a lc o h o l  i s  a b le  to  compete 
w i t h  w a te r  f o r  the  im in o carbo n iu m  i o n .  Im ino  e s t e r s  were  
o b t a i n e d ,  o f  which 9 ~ ra e th o x y p h e n an th r id in e  i s  b u t  a s p e c i a l  
case .  Smith and A n to n ia d es  a ls o  p o in t e d  to  o t h e r  cases i n  
which a n u c l e o p h i l e  competed w i t h  w a te r  f o r  t h e  im in ocarbo n iu m  
i o n ,  e . g .  w i t h  h y d r a z o ic  a c id  to  y i e l d  t e t r a z o l e s .
As e v id e n c e  t h a t  an im inocarbon ium  io n  can e x t r a c t  w a te r  
f rom  c o n c e n t r a t e d  s u lp h u r ic  a c i d ,  th e y  m en t io n  th e  p ro c e d u re  
o f  h y d r o l y s in g  a n i t r i l e  t o  an amide by warming i t  i n  t h a t  
same s o l v e n t .  They a ls o  doubted w hether  th e  hydrogen bonded 
Arcus i n t e r m e d i a t e  had s u f f i c i e n t  e n e rg y ,  because o f  the s m a l l  
s t r a i n e d  r i n g ,  to  s a t i s f y  th e  c o n d i t i o n  t h a t  i n t e r c o n v e r s i o n  
between th e  iso m ers  should be s low . F i n a l l y ,  t h e y  p o i n t  o u t  
t h a t  such an i n t e r m e d i a t e  o f f e r s  no b e t t e r  e x p l a n a t i o n  o f  t h e  
observed  amide r a t i o s  than does an i n t e r m e d i a t e  o f  the  
im in o d ia z o n iu m  io n  t y p e .
Smith [ 1 7 ]  however now suspects  t h a t  m i g r a t i o n  a p t i t u d e s  
may p l a y  a p a r t  i n  d e te rm in g  th e  isom er  r a t i o  f o r  some 
a l i p h a t i c  ke to nes .  In o r d e r  t o  d is c u s s  t h i s  a c l o s e r  lo o k  
a t  S m i t h ’ s mechanism i s  r e q u i r e d .
R -  C -  R' R -  C -  R*
( I X . ) R “  K "  c “  R
V
R -  +C -  N = R»
R.KH.CO.R'
y
R.CO .NH.R '
For  th e  m a j o r i t y  o f  k e to n e s  Smith b e l i e v e s  t h a t  the  s tep  B 
i s  i r r e v e r s i b l e ,  and t h a t  s teps  A are  s low and r a t e  d e t e r m in in g .  
I f  t h i s  i s  so, then  ( V I I I ^ )  and ( V I I I ^ )  a re  e f f e c t i v e l y  n o n -  
i n t e r  c o n v e r t i b l e  , and the  r a t i o  o f  the  amides u l t i m a t e l y  formed  
w i l l  be th e  same as th e  r a t i o  o f  ( V I I I A ) to  ( V l l l g ) .  S ince  
th e  l a t t e r  a re  no t  i n t e r c o n v e r t i b l e ,  i t  i s  no t  t h e i r  r e l a t i v e  
s t a b i l i t i e s  which d e te rm in e ,  t h e i r  p o p u l a t i o n s .  These a re  
d e c id e d  by th e  r e l a t i v e  r a t e s  o f  the  s tep s  A^ and A^, which  are  
i n  t u r n  l a r g e l y  d e te rm in e d  by the  d i f f e r e n t  s t e r i c  r e p u l s i o n s  
i n  the  t r a n s i t i o n  s t a t e s  i n  the  s teps  A. I f  such a s i t u a t i o n  
e x i s t s ,  th e n  th e  p r o d u c t  r a t i o  i s  d e c id e d  by b u lk  e f f e c t s #
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But should th e  steps A be f a s t e r  th a n  the  steps B, th e n  
c o n t i n u a l  e q u i l i b r i a t i o n  o f  ( V I I I ^ )  and ( V I I I ^ )  cou ld  ta k e  
p l a c e ,  and i f  t h i s  happened the  p r o d u c t  r a t i o  w o u ld 'b e  d e te rm in e d  
by the  r e l a t i v e  r a t e s  o f  th e  s teps Ba The l a t t e r  would be i n ­
f lu e n c e d  by the  e l e c t r o n i c  e f f e c t s  which d e te rm in e  m ig r a t i o n  
a p t i t u d e  s «
T h is  r e a p p r a i s a l  was n e c e s s i t a t e d  by the  o b s e r v a t io n s  o f  
R°PP a l i a  [ 1 8 ] ,  who fou nd  t h a t  t h e r e  was a s m a l l  i n t e r -  
m o le c u la r  and i n t r a m o l e c u l a r  is o t o p e  e f f e c t  i n  the  Schmidt
ii
r e a c t i o n  o f  C H , *C O *C H , ,  th e  u n l a b e l l e d  a c e to ne  r e a c t i n g  f a s t e r
D 3
12than the l a b e l l e d  a c e to n e ,  and th e  C m e th y l  group m ig r a t i n g  
to  a g r e a t e r  e x t e n t  than  th e  C m ethy l  g ro u p .  I t  i s  known 
t h a t  a C1A -  C1P bond b re a k s  l e s s  r e a d i l y  than  a bond.
A ccord in g  to  the  o r i g i n a l  Smith mechanism the  r e l a t i v e  ease  
o f  bond breakage  should n o t  a f f e c t  the  p r o d u c t  r a t i o ,  s in c e  
t h i s  i s  d e c id e d  b e f o r e  th e  bonds under c o n s i d e r a t i o n  a re  broken*  
Schmidt [ 1 9 ]  h i m s e l f  n o t i c e d  t h a t  when b en za ldeh yde  was 
s u b je c te d  to  th e  Schmidt r e a c t i o n ,  the  r a t i o  o f  th e  p r o d u c t s ,  
b e n z o n i t r i l e  and f o r m a n i l i d e ,  v a r i e d  w i t h  th e  a c i d i t y  o f  th e  
r e a c t i o n  medium, low a c i d i t y  f a v o u r i n g  b e n z o n i t r i l e  f o r m a t i o n ,  
and h ig h  a c i d i t y  f a v o u r i n g  th e  f o r m a t i o n  o f  f o r m a n i l i d e *
McEwen et_ a l i a  [ 2 0 ]  have s t u d ie d  th e  e f f e c t  o f  a c i d i t y  v a r i a t i o n  
on th e  Schmidt r e a c t i o n  o f  a number o f  b e n z a ld e h y d e s ,  and have
c o n f i rm e d  th e  o b s e r v a t io n s  o f  Schm idt .  These w orkers  m o d i f i e d  
S m i t h 1s mechanism f o r  th e  k e t o n i c  Schmidt r e a c t i o n ,  and t h e y  
proposed t h a t  th e  b e n z o n i t r i l e s  arose by e l i m i n a t i o n  o f  
hydrogen from  th e  im in o d ia z o n iu m  ions  o f  a n t i  hydrogen con­
f i g u r a t i o n  ( X I ) ,  and th e  f o r m a n i l i d e s  were formed when a r y l  
m ig r a t i o n  to o k  p la c e  i n  th o s e  w i t h  syn hydrogen c o n f i g u r a t i o n  
( X I I ) .
Ar -  c -  H --------------------------------->  Ar -  G r r  N + H2 + H
© N„ -  H
( X I )
©
Ar - C - H -.....-— — ----- 5- Ar — N = C - H  + N
H ©
N -  N2 ®
( X I I )
2
h 2 o
^  © Ar.N H .C O .H  + H
The l e s s  s t a b l e  a n t i  hydrogen im in o d ia z o n iu m  ion  was 
supposed to  be form ed i n i t i a l l y ,  and the e x t e n t  o f  i t s  t r a n s ­
f o r m a t i o n  to  th e  s.yn hydrogen io n  was governed by the  a c i d i t y .
Smith and A n to n ia d e s  [ 1 4 ]  d is a g re e d  w i t h  t h i s  p r o p o s a l ,  and 
t h e y  suggested i n s t e a d  t h a t  o n l y  the  more s t a b l e  syn hydrogen  
im in o d ia z o n iu m  io n s  a re  fo rm e d ,  th e  f o r m a n i l i d e s  a r i s i n g  by a r y l  
m i g r a t i o n ,  and th e  b e n z o n i t r i l e s  by e l i m i n a t i o n  f rom  the  same 
ions ,  the b i s u l p h a t e  io n  b e in g  the  e l i m i n a t i n g  a g e n t .  Vfhen th e  
r a t i o  o f  b e n z a ld e h y d e  to  s u lp h u r ic  a c id  i s  h i g h ,  and the
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b i s u l p h a t e  io n  c o n c e n t r a t i o n  i s  a ls o  high? e l i m i n a t i o n  i s  
f a v o u r e d ,  w h i le  when th e  r a t i o  i s  low a r y l  m i g r a t i o n  predom­
i n a t e  s.
R e c e n t ly  M ir e k  [ 2 1 ]  has proposed mechanisms f o r  the  
Schmidt r e a c t i o n  o f  a lde h y d e s  and k e to n e s  i n  s u lp h u r ic  ac id*  
F o r  k e to n es  he s u g g e s ts ,
R
R -
OH
t
C©
I
R 1
0S0 H
| ^ 
C@
!
R<
HSO ©
4
HN
R
OH
I
C - OSO-H
I 3
R*
0S0 ,H 
I 3
R NH - N, ©
R
©
C
1
R*
OSO,H
D
HSO4
0S0 -.H
I 3©
R - C - MH + N,
R
(XIII)
(XIII) — R - C = N 
I
R'
© OSO,H® + . H®
J
r e a c t i o n  proceeds as i n  
thetyBeckmann r e a r r a n g e m e n t .
R.CO.NH.R* + R.NH.CO.R*
( X IX X ) m ig r a t i o n  of^ 
R '
[R' - N = 8 - R] OSO,H® + H®
h 20
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R'.NH.CO.R + H2S0,
( X I I I )  mi g r a ^ io n  o f  
R
[R -  N = C©
\
R»] OSO~H3 H
h 2 o
R.NH. CO.R * + H 2 8 \
and f o r  a ldeh y d e s  (R = H ) .
( X I I I )  m:*-gr a 'fc3-Ofl o f
OSO^H
m i g r a t i o n  o f  
R
R C
I
H
C N -  R OSO^H
0 © 
OSO-.H + H
3
Beokmann ty p e  re a r ra n g e m e n t
r© R -  C -  N + H2 S0^
H
h 2 0
R.NH.CO.H + HoS0,
2 4
R C = Nj i s  supposed to  undergo a re a r ra n g e m e n t  o f  th e
R *
For  a k e to n e ,  t h r e e  groups are  i n  a p o s i t i o n  to  m ig r a te
i n  th e  complex ( X I I I ) .  I f  th e  group OSO^H ’’m i g r a t e s " , the n  the
© 3
group
Beckmann t y p e ,  and s t e r i c  i n f l u e n c e s  d e te rm in e  the  amide r a t i o .  
Where R or  R f m i g r a t e ,  the  e x t e n t  to  w hich  each does so i s  govern- 
ed by p o l a r  f o r c e s *  M i r e k  proposed t h a t  a l l  the  re a r ra n g e m e n ts  
a re  p o s s i b l e ,  and th e  one which p r e v a i l s  i s  th e  one which i s  
the most advantageous f o r  a g iv e n  system.
THE REACTION BETWEEN HYDRAZOIC ACID AND CERTAIN ALCOHOLS 
AMD OLEEIMS. THE ACID CATALYSED DECOMPOSITION OF AZIDES
C e r t a i n  a l c o h o l s  and o l e f i n s  w i l l  r e a c t  w i t h  h y d r a z o ic  a c id  
i n  th e  p resence  o f  s t ro n g  a c id s  to  y i e l d  k e t i m in e s .
RR'C = CH. HW-5 .  R -  C -  CH, + R 1 -  C ~ CH- + N„2 3 , , 3  2
I
N -  R f N — R
R
i h n 3
R C -  OH --------------------^  R 1 -  C = N -  R" + R ~* C = N -  R*
1 ! I
R,f R R"
R 1 — C = N ~ R +
I
R 11
The amount o f  each is o m e r ic  k e t im i n e  form ed depends, as 
w i l l  he e x p l a in e d  l a t e r ,  on th e  n a t u r e  o f  R ,R* and RM.
There i s  ample e v id e n c e  t h a t  these  r e a c t i o n s  proceed th ro u g h  
th e  p r o t o n a t e d  a z i d e ,  which th e n  undergoes d e c o m p o s i t io n .
ICuhn and DiDomenico [2 2 ]  have shown t h a t  when 1 , 1 —d i p h e n y l — 
e t h y le n e  and m e t h y l d i p h e n y l c a r b i n o l  r e a c t  w i t h  h y d r a z o ic  a c id  
i n  s u lp h u r ic  a c i d ,  th e  same p r o d u c t s ,  na m e ly ,  acetophenone  
and a n i l i n e ,  a re  formed i n  b o th  cases .  Ege and Sherlc [ 2 3 ]  
found  t h a t  i f  m o l te n  t r i c h l o r o a c e t i c  a c i d  was used in  p la c e  o f  
s u lp h u r ic  a c i d ,  then  an a z i d e ,  1 - a z i d o - l , 1 —d i p h e n y l e t h a n e , was
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o b t a in e d  from  b o th  the  a lc o h o l  and the  o l e f i n .  Subsequent de­
c o m p o s i t io n  o f  th e  a z id e  i n  s u lp h u r ic  a c id  y i e l d e d  acetophenone  
and a n i l i n e ,  th e  same p ro d u c ts  as were o b t a in e d  from  th e  o r i g i n a l  
a l c o h o l  and o l e f i n  w i t h  h y d r a z o ic  a c id  and s u lp h u r ic  a c i d .
McEwen, G i l l i l a n d  and S p a rr  [ 2 4 ]  have proposed a mechanism 
f o r  th e  r e a c t i o n  o f  o l e f i n s ,  and Arous and M esley  [2 5 ]  have put  
fo r w a r d  a s i m i l a r  one f o r  th e  r e a c t i o n  o f  a l c o h o l s .  For
1 , 1 - d i p h e n y l e t h y l e n e  McEwen et, a l i a  propose
Ph
> 0  -  C H ,   C -  CH
Ph
NH -  N
© V
Ph -  C -  CH,
I 3
NH -  Ph
w h i le  Arcus and M es ley  propose f o r  a l c o h o l s ,
© ® ©R R 1 C" C OH + HoS0, = RR' R” C* + H ,0  + 2HS0, ... ( i )2 4  3 4
R R 1 R" C® + HN -  N = N  = R R« R" C NH -  n |=N  . . .  (ii)
R R* R" C NH -  = R R r “ C N ,  + H® . . .  (iii)
© ®R R' R" C NH -  N = R> R" C = NH -  R + N„ . . .  (iv)
© *
R> R" c ~  NH -  R = R' R" C = N -  R + H . . .  ( v )
- 3 1 -
R* R" C = N - R R* R« C = 0 + R.NH2..(vl)
Many d i -  and t r i - a r y l m e t h a n o l s  d is s o l v e  i n  s u lp h u r ic  a c id  
to  g iv e  c o lo u r e d  s o l u t i o n s ,  which has been a t t r i b u t e d  t o  the  
f o r m a t i o n  o f  carbonium io n s  [ 2 6 , 2 7 ] *  Newman has found t h a t  
when t r i p h e n y l c a r b i n o l  i s  d is s o lv e d  in  s u l p h u r ic  a c i d ,  the  
s o l u t i o n  has an ,fi !l f a c t o r  o f  n e a r l y  4 ? c o n s i s t e n t  w i t h  i o n i s a ­
t i o n  a c c o r d in g  to  e q u a t io n  ( i ) .  I f  th e  s o l u t i o n  i s  poured  
onto w a t e r ,  th e  a lc o h o l  i s  r e c o v e r e d ,  b u t  i f  i t  i s  poured i n t o  
m e th a n o l ,  th e  m eth y l  e t h e r  i s  o b t a in e d .
The carbonium ion i s  supposed to  r e a c t  w i t h  h y d r a z o ic  a c id  
to  g iv e  the  p r o t o n a t e d  a z i d e ,  which may e i t h e r  e j e c t  a p ro to n  
to  form  th e  n e u t r a l  a z i d e ,  as dem on stra ted  by the  p a r t i a l  r e ­
covery  o f  9 ~ *a z id o f lu o re n e  f rom  the  r e a c t i o n  o f  f l u o r e n - 9 ~ o l  
w i t h  h y d r a z o ic  a c id  in  s u l p h u r i c  a c id  [ 2 5 ] ,  o r  i t  may then  
undergo th e  d e c o m p o s i t io n  f i r s t  n o t ic e d  by C u r t iu s  and Darapsky  
[ 2 8 ]  to  g iv e  an i m i n e , w hich  on a c id  h y d r o l y s i s  y i e l d s  a c a r ­
b o n y l  compound and an amine.  The Schmidt r e a c t i o n  o f  a 
c a r b o x y l i c  a c id  has been shown to  i n v o l v e  an i n t r a m o l e c u l a r  
rea r ra n g e m e n t  [ 2 9 ] ,  and Arcus and M es ley  have shown t h a t  
th e  r e a c t i o n  o f  f l u o r e n —9 —o l  w i t h  h y d r a z o ic  a c i d  in  s u lp h u r ic  
a c id  y i e l d s  p h e n a n t h r id i n e  v i a  r i n g  e x p a n s io n ,  which l e d  th es e  
a u th o rs  to  propose t h a t  th e  e q u a t io n  ( i v )  must r e p r e s e n t  an
i n t r a m o l e c u l a r  r e a r r a n g e m e n t .  M i g r a t i o n  i s  s im u l ta n e o u s  w i t h  
lo s s  o f  n i t r o g e n ,  and th e  f o u r  e l e c t r o n s  f rom  th e  n i t r o g e n  lo n e  
p a i r  and th e  C -  R bond (R = m ig r a t i n g  group)  appear  f i n a l l y  i n  
the  N — R bond and as the  tt e l e c t r o n s  i n  th e  C = N bond. The 
r e c o v e r y  o f  q u a n t i t i e s  o f  the  a z id e  in  f a v o u r a b l e  cases i n d i c a t e d  
to  th e s e  a u th o rs  t h a t  th e  d e co m p os it ion  o f  th e  p r o t o n a t e d  a z id e  
i s  the  r a t e  d e t e r m in in g  step o f  th e  r e a r r a n g e m e n t ,  as was l a t e r  
shown t o  be so f o r  the  Schmidt r e a c t i o n  o f  c a r b o x y l i c  a c id s  
and th e  r e a c t i o n  o f  o l e f i n s  w i t h  h y d r a z o ic  a c id  by McEwen and 
Mehta [ 3 0 ] .  That  i t  i s  th e  p r o t o n a t e d  a z id e  which r e a r r a n g e s ,  
i s  shown by th e  r e a r ra n g e m e n t  o f  9 - a z i d o f l u o r e n e , on s to ra g e  
o r  on h e a t i n g ,  to  g iv e  9 —i m i n o f l u o r e n e , i n s t e a d  o f  p h e n a n t h r i -  
d i n e ,  th e  a c i d —c a t a ly s e d  d e c o m p o s i t io n  p r o d u c t .
A number o f  r e a c t i o n s  i n  which d i f f e r e n t  a r y l  groups a re  
i n  a p o s i t i o n  t o  m i g r a t e ,  have r e c e i v e d  c a r e f u l  s tu d y .  These 
r e a o t i o n s  have been c a r r i e d  ou t  on th e  a l c o h o l  o r  o l e f i n  , o r  
th e  a z id e s  formed by such r e a c t i o n s  have been i s o l a t e d ,  and t h e i r  
a c i d —c a t a l y s e d  c o m p o s i t io n  s t u d i e d .  The systems in v e  s t ig a t e d '  h3re 
been th e  1 , 1 - d i a r y l e t h y l e n e s ,
N3
Ar HN Ar I H„0 A r .C O .C H ,  + A r ' . N H ,
C =CH„  —f a .  b e — CH  i
Ar'"" A r '  + A r ' . C O . C H .  + A r .N H .
3 A
the  ^ - s u b s t i t u t e d  b e n z h y d ro ls  and th e  a z id e s  d e r i v e d  f rom  them^
and th e  2- o r  3—s u b s t i t u t e d  f lq o re n ~ 9 ~ *o ls .
H v v 0H
I n  each o f  th e s e  r e a c t i o n s  i t  has been fou nd  t h a t
e l e c t r o n i c  e f f e c t s  govern th e  e x t e n t  to  which each o f  t h e  com­
p e t i n g  groups w i l l  m i g r a t e ,  w i t h  e l e c t r o n  r e l e a s i n g  s u b s t i t u e n t s  
i n c r e a s i n g  the  tenden oy  o f  a group to  m ig r a t e .  Hammett [ 3 1 ] 
has proposed the  e q u a t io n
t o  r e l a t e  th e  r e a c t i o n  r a t e s  o r  e q u i l i b r i u m  p o s i t i o n s  o f  r e a c t i o n s  
i n v o l v i n g  a compound c o n t a i n i n g  a p h e n y l  group t o  a s i m i l a r  one 
c o n t a i n i n g  a meta o r  p a ra  s u b s t i t u t e d  p h e n y l  g rou p ,
k = r e a c t i o n  r a t e  o r  e q u i l i b r i u m  c o n s ta n t  f o r  the  
s u b s t i t u t e d  compound 
k^ ~ th e  same f o r  th e  u n s u b s t i t u t e d  compound
(T = a c o n s ta n t  f o r  the  s u b s t i t u e n t .
The c o n s ta n t  CJ i s  a measure o f  th e  e l e c t r o n  a v a i l a b i l i t y  
a t  th e  r e a c t i o n  c e n t r e .  For  th e  p h e n y l  group C = 0 . I f  O’ i s
o
a c o n s ta n t  f o r  the  r e a c t i o n
n e g a t i v e  f o r  a s u b s t i t u e n t ,  then  the  e l e c t r o n  a v a i l a b i l i t y  i s  
g r e a t e r  f rom  th e  s u b s t i t u t e d  group than  f ro m  p h e n y l ,  and v i c e  
v e r s a . I f  th e  c o n s ta n t  p i s  n e g a t i v e ,  th e n  th e  r e a c t i o n  i s  
h e l p e d  by e l e c t r o n  r e l e a s e .
For  th e  r e a c t i o n s  i n v o l v i n g  a z id e  d e c o m p o s i t io n s ,  McEwen 
and Mehta [ 3 0 ]  proposed t h a t  the  r a t i o  o f  th e  p r o d u c ts  i s  the  
same as the  r a t i o  o f  th e  r a t e s  o f  m ig r a t i o n  o f  the  competing  
groups .  Hence
lo g  (p r o d u c t  r a t i o )  = pCT 
They p l o t t e d  lo g  ( p r o d u c t  r a t i o )  a g a in s t  O' f o r  a number 
o f  1 , 1 - d i a r y l e t h y l e n e s , i n  which one o f  the a r y l  groups was a 
p h e n y l ,  and th e  o t h e r  was a meta o r  p a ra  s u b s t i t u t e d  ph e ny l  
grou p ,  and th e y  found t h a t  a l i n e a r  r e l a t i o n s h i p  e x i s t e d  w i t h  
lo g  (p r o d u c t  r a t i o )  = - 2 . 1 1  O ’ + 0 . 2 9 3
showing t h a t  th e  a b i l i t y  o f  a group to  m ig r a t e  was in d e e d  de­
pendent  on i t s  e l e c t r o n  r e l e a s i n g  a b i l i t y .  They a ls o  used th e  
Hammett e q u a t io n  f o r  some r e s u l t s  o b t a in e d  by B r ig g s  and 
L y t t l e t o n  [ 5 ]  f rom  th e  Schmidt r e a c t i o n  o f  a number o f  s u b s t i t u ­
t e d  b e n z o ic  a c i d s .  These w o rkers  had d e te rm in e d  tj_ f o r  the
2
e v o l u t i o n  o f  n i t r o g e n ,  and as tj_ i s  r e l a t e d  to  the  r a t e  c o n s ta n t
tj_ 2
McEwen and Mehta p l o t t e d  — a g a i n s t  , where t?  i s  the  h a l f
t l  8
2
t im e  o f  n i t r o g e n  e v o l u t i o n  f o r  b e n z o ic  a c i d ,  and tj_ the  h a l f
2
t im e  f o r  a s u b s t i t u t e d  b e n zo ic  a c i d .  They fou nd  a l i n e a r
r e l a t i o n s h i p  w i t h  -p = - 1 . 9 7 -  S i m i l a r  work was p e r fo rm e d  by 
T i e t z  and MoEwen [ 3 2 ]  on a s e r i e s  o f  b e n z y h y d r y l  a z i d e s ,  i n  
whioh one o f  th e  p h e n y l  groups was s u b s t i t u t e d  i n  th e  meta o r  
p a ra  p o s i t i o n s .  They found a l i n e a r  r e l a t i o n s h i p  w i t h  
l o g  (p r o d u c t  r a t i o )  = - 2 , 0 3  CT + 0 , 2 3 7 -
For  th e  r e a c t i o n s  o f  some 2 -  and 3-sub s t i t u t e d  f l u o r e n -  
9 - o l s  ( I )  w i t h  h y d r a z o i c  a c i d ,  A rcus ,  Coombes and Evans [ 1 5 ]  
c o n s id e re d  t h a t ,  d u r in g  th e  d e c o m p o s i t io n  o f  the i n t e r m e d i a t e  
p r o t o n a t e d  a z i d e ,  th e  r e l a t i v e  r a t e s  a t  which th e  r i n g s  A and B 
a re  a b le  to  m ig r a t e  to  n i t r o g e n  would depend upon the e l e c t r o n  
r e l e a s i n g  a b i l i t y  o f  th e  two r i n g s  a t  t h e i r  p o i n t  o f  a t ta c h m e n t  
to ,
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and t h a t  th e  pICs o f  th e  c o r re s p o n d in g  s u b s t i t u t e d  d i p h e n y l —2 —
o a r b o x y l i o  a c id s  ( I I )  and ( i l l )  were a measure o f  t h i s  e l e c t r o n
r e l e a s i n g  a b i l i t y .  By a d a p t in g  th e  Hammett e q u a t io n  to  the
d ip h e n y l  system th e y  d e r i v e d  th e  e q u a t io n
ty
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fo o f  p ro d u c ts  from m ig r a t i o n  o f  a|
= r  (pICA p K B )
%  o f  p r o d u c ts  f rom  m ig r a t i o n  o f  B 
where pKA and pKfi a re  th e  pICs o f  th e  a c id s  ( l l )  and ( i l l ) ,  and 
r  i s  a c o n s t a n t ,  The v a lu e s  o f  pK^ and f o r  th e  s u b s t i t u t e d
a c id s  were c a l c u l a t e d ,  u s in g  th e  Hammett e q u a t i o n ,  f rom  th e  
known v a lu e s  f o r  th e  u n s u b s t i t u t e d  a c i d s ,  u s in g  the  v a lu e s  
f o r  o f  0 . 3 7  i n  th e  case o f  a c id  ( i l l ) ,  and 1 in  th e  case o f  
a c id  ( l l ) ,  o b t a in e d  by comparison w i t h  th e  v a lu e s  f o r  the  3 1-  
and 4 * - s u b s t i t u t e d  d i p h e n y l - 4 ~ c a r b o x y l i c  a c id s  and b e n z o ic  a c id s
a g a i n s t  pity — pity showed a l i n e a r  r e l a t i o n s h i p .
G-udmunsen and McEwen [ 3 3 ]  have made k i n e t i c  s t u d ie s  on
s u b s t i t u t e d  and u n s u b s t i t u t e d  b e n z h y d ry l  a z id e s  and on 1 , 1 —
d i a r y l e t h y l  a z i d e s .  They found t h a t  th e  k i n e t i c s  were second
o r d e r ,  and t h a t  th e  r a t e  was p r o p o r t i o n a l  to  th e  a z id e  c o n c e n t ra
t i o n  and to  the Hammett a c i d i t y  f u n c t i o n .  I n  a d d i t i o n  t h e y
found t h a t  f o r  th e  fo r m e r  a z id e s  the  r a t e s  would f i t  a Hammett 
kp l o t  o f  lo g  |r v e rs u s  CT, to  g i v e ,  w i t h  the  e x c e p t io n  o f  th e
p^-methoxy- compound, a s t r a i g h t  l i n e  w i t h  -p = - 2 . 2 6 ,  where k
p l o t  f o r  th e  1 , 1 —d i a r y l e t h y l  a z id e s  gave -f = 3 3 , 1 6 .
These w o rke rs  b e l i e v e d  t h a t  n i t r o g e n  r e l e a s e  and m igra  
t i o n  were non—s ynch ro no us , which was c o n t r a r y  to  the p r o p o s a l  
o f  Arcus and M es ley  [ 2 5 ] ,  and th e y  put  fo r w a r d  the  two step  
process  below
r e s p e c t i v e l y .  A p l o t  o f  lo g
o
i s  the  r a t e  c o n s ta n t  f o r  a s u b s t i t u t e d  b e n z h y d r y l  a z i d e ,  and k 
i s  the  r a t e  c o n s ta n t  f o r  th e  u n s u b s t i t u t e d  a z i d e .  A s i m i l a r
They hacked t h i s  p r o p o s a l  w i t h  k i n e t i c  arguments  
"based on t h e i r  d a ta  f ro m  the  deco m p o s i t io n  o f  the  b e n z h y d r y l  
a z i d e s .  The observed  r a t e  law  i s
d t
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Ar -  CH -  Ph h
I f  n i t r o g e n  e v o l u t i o n  and m ig r a t i o n  a re  synchronous,  
and t h e r e  a re  no o t h e r  p r o d u c ts  a p a r t  f rom  n i t r o g e n  and i m in e s ,  
then
k^ = r a t e  c o n s ta n t  f o r  a r y l  m ig r a t i o n  
kp = r a t e  c o n s ta n t  f o r  p h e n y l  m i g r a t i o nk. k A + kP
and th e  p r o d u c t  r a t i o  ( P . R . )  = k
k.
A
so
and
k 2  = k p ( 1 + P . R . ) 
iLg l£p (-4 ** F • R •)
i 0 i o
2 2
where lc2  = r a t e  c o n s ta n t  f o r  the  u n s u b s t i t u t e d  b e n z h y d r y l  a z i d e .
kg k
lo g  “  = l o g  —— + lo g  ( l  + P . R . )
k, k
Since kp may be e x p e c te d  to  v a r y  l i t t l e  among the
a z i d e s ,  a p l o t  o f  l o g  *—  a g a i n s t  lo g  ( l  + P . R . )  should be a
k 2
s t r a i g h t  l i n e  w i t h  s lope  + 1 .  As the e x p e r i m e n t a l l y  o b t a in e d
l i n e  had a s lope  o f  about + 2 ,  G-udmunsen and McEwen concluded
t h a t  n i t r o g e n  r e l e a s e  and m i g r a t i o n  were n o t  synchronous.
Arcus and Evans [ 3 4 ]  made s t u d ie s  on th e  r e a r ra n g e m e n t
o f  9 - a z i d o f l u o r e n e  i n  m ix t u r e s  o f  s u lp h u r ic  and a c e t i c  a c i d s .
They a ls o  found t h a t  th e  r a t e  was f i r s t  o r d e r  w i t h  r e s p e c t  t o
bo th  th e  a z id e  c o n c e n t r a t i o n  and the  Hammett a c i d i t y  f u n c t i o n .
However,  th e y  c o n s id e r e d  t h a t  an i n t e r m e d i a t e  such as ( I V ) ,
proposed by G-udmunsen and McEwen, cou ld  e a s i l y  e j e c t  a p r o t o n ,
to  y i e l d  an im in e .
A r ^  © Ar ©
ty'CH -  NH  -..............  ^  ^  CH = NH + H
Ar**”" k v ^
( I V )
I n  th e  case o f  9 ' - a z i d o f l u o r e n e , t h i s  would le a d  to  9*~ 
i m i n o f l u o r e n e .  A l tho ug h th e  l a t t e r  i s  o b t a in e d  in  th e  p y r o l y s i
o f  th e  a z i d e ,  i t  i s  n o t  o b t a in e d  from the  a c i d  c a t a ly s e d  de­
c o m p o s i t io n ,  n o r  has any case o f  a s i m i l a r  im in e  f o r m a t io n  been  
r e p o r t e d .  Smith [ 1 7 ]  has r e c e n t l y  e l a b o r a t e d  th e  k i n e t i o  
arguments o f  G-udmunsen and McEwen [3 3 ]?  h u t  i n  a d d i t i o n  he has  
a l lo w e d  f o r  th e  d i f f e r e n t  b a s i c i t y  o f  each o f  the  a z i d e s .  A 
more complex e q u a t io n  was o b t a i n e d ,  which had a s lope i n  good
k2
agreement w i t h  the  e x p e r i m e n t a l  p o i n t s ,  and Smith concluded  
t h a t  n i t r o g e n  r e l e a s e  and m ig r a t i o n  were synchronous.
In  c o n c l u s i o n ,  i t  would seem t h a t  th e  r e s u l t s  o f  the  
Hammett p l o t s  f o r  th e  v a r io u s  a z i d e s ,  showed t h a t ,  f o r  th e  
systems under c o n s i d e r a t i o n ,  t h e r e  i s  good c o r r e l a t i o n  between  
e l e c t r o n  r e l e a s i n g  a b i l i t y ,  expressed  as the  r e l a t e d  0 * v a l u e s ,  
and the  te n den cy  o f  a group to  m ig r a t e .  However,  thes e  
r e s u l t s  have been o b ta in e d  i n  cases where the  bulks o f  the  com­
p e t i n g  groups a re  s i m i l a r ,  and f o r  o t h e r  systems i t  i s  d o u b t f u l  
i f  a u n i v e r s a l  o r d e r  o f  m ig r a t i o n  a p t i t u d e s  would h o l d .  For  
e xam p le ,  b e n z y l  a z id e  undergoes a c i d  c a t a l y s e d  d e co m p os it ion  
to  g iv e  a p p r o x im a t e ly  e q u a l  amounts o f  p r o d u c ts  d e r i v e d  f rom  
p h e n y l  and hydrogen m i g r a t i o n  [ 2 8 ] ,  the  system h a v in g  a 2  : 1  
s t a t i s t i c a l  b ia s  in  f a v o u r  o f  th e  l a t t e r .  On the  o t h e r  hand 
no p ro d u c ts  a r i s i n g  from hydrogen m ig r a t i o n  have been d e t e c t e d  
i n  th e  d e c o m p o s i t io n  o f  b e n z h y d r y l  a z id e  [ 2 5 ] *  t h e r e  b e in g  a 
2 : 1 b ia s  in  f a v o u r  o f  p h e n y l  m ig r a t i o n  in  t h i s  case .  The 
l a t t e r  f a c t o r  should  le s s e n  hydrogen m i g r a t i o n ,  b u t  not  
e l i m i n a t e  i t .
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AN INTRODUCTION
Smith [ 7 ] has p o in t e d  o u t  th e  g e n e r a l  p a r a l l e l  between  
th e  r a t i o  o f  is o m e r ic  amides produoed in  th e  k e t o n i c  Schmidt  
r e a c t i o n ,  and th e  e q u i l i b r i u m  r a t i o  o f  th e  g e o m e t r i c a l l y  i s o m e r ic  
oximes ( u s u a l l y  d e te rm in e d  by th e  Beckmann r e a r r a n g e m e n t )  ob­
t a i n e d  from  th e  same k e to n e ;  c o n s e q u e n t ly  any ke to n e  y i e l d i n g  
s u b s t a n t i a l l y  d i f f e r e n t  r a t i o s  o f  amides i n  the  Schmidt r e a c t i o n  
and th e  Beckmann r e a r ra n g e m e n t  i s  o f  i n t e r e s t .  B e n z y l id e n e a c e ­
ton e  i s  such a k e to n e *
B r ig g s ,  DeAth and E l l i s  [ 3 5 ]  c la im e d  to  have i s o l a t e d  
N -m e th y le in n a m a m id e , i n  u n s p e o i f i e d  y i e l d ,  f rom  th e  Schmidt  
r e a c t i o n  o f  b e n z y l id e n e a c e t o n e  i n  a m ix t u r e  o f  c h lo r o fo r m  and 
s u lp h u r ic  a c id *  Smith and H o r w i t z  [ 9 ] a t te m p te d  to  r e p e a t  the  
work o f  B r ig g s  et_ a l i a , b u t  t h e y  f a i l e d  to  o b t a in  the  amide®
W ith  s u l p h u r ic  a c i d  as s o l v e n t —c a t a l y s t  th e y  i s o l a t e d  N - m e t h y l -  
cinnamamide i n  s m a l l  y i e l d ,  b u t  u s in g  h y d r o c h l o r i c  a c id  the  
amid© i n  75$  y i e l d  was is o la t e d ®  L a t e r  C onley  [ 3 6 ] p e r fo rm e d  
t h e  r e a c t i o n  i n  p o ly p h o s p h o r ic  a c i d ,  and the  same amide was 
o b t a in e d  in  5 8 $  y i e l d *
However,  the  Beckmann re a r ra n g e m e n t  (w h ich  l i k e  th e  
Schmidt r e a c t i o n  i s  b e l i e v e d  to  in v o lv e  m ig r a t i o n  o f  th e  group  
t r a n s  to  the  d e p a r t i n g  g r o u p ) ,  o f  th e  o n ly  oxime so f a r  i s o l a t e d
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f rom  b e n z y l id e n e a c e t o n e  [ 3 7 ]  gave N - s t y r y l a c e t a m i d e . Of the
o t h e r  b e n z y l id e n e a c e t o n e s  s t u d i e d ,  R -m e th o x y b e n z y l id e n e a c e to n e  
y i e l d e d  two ox im es ,  which r e a r r a n g e d  s e p a r a t e l y  to  g i v e ,  i n  
one case ,  th e  N - s t y r y l a c e t a m i d e , and in  the  o t h e r  the  N - m e t h y l ­
cinnamamide.  The o n ly  oxime so f a r  i s o l a t e d  f rom  r —n i t r o — 
b e n z y l id e n e a c e t o n e  r e a r r a n g e d  t o  g iv e  th e  N—s t y r y l a c e t a m id e  
[ 3 8 ] .
Smith and H o r w i tz  [ 9 ] »  s u r p r is e d  by the  n o n - m ig r a t i o n  o f  
th e  a p p a r e n t l y  b u l k i e r  group i n  b e n z y l id e n e a c e t o n e ,  c a r r i e d  
o u t  th e  Schmidt r e a c t i o n  on a - m e t h y lb e n z y l id e n e a c e t o n e  i n  con­
c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  in  o r d e r  to  s tu d y  th e  e f f e c t  o f  
i n c r e a s e  in  b u lk  in  th e  ne ighbourhood o f  the  r e a c t i o n  c e n t r e .  
They o b t a in e d  8 6 $  o f  p ro d u c ts  r e s u l t i n g  f ro m  m ig r a t i o n  o f  th e  
a - m e t h y l s t y r y l  g rou p .  The i n i t i a l  p r o d u c t  o f  th e  r e a c t i o n ,
N—a - m e t h y l s t y r y l a c e t a m i d e , was b e l i e v e d  to  have undergone a 
t a u t o m e r i c  change o f  the  e n a m in e -k e t im in e  t y p e ,  f o l l o w e d  by 
h y d r o l y s i s ,  and one o f  the  p r o d u c t s ,  b e n z y l  m e th y l  k e t o n e ,  was 
t h o u g h t  to  have r e a c t e d  f u r t h e r  w i t h  h y d r a z o ic  a c i d .
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S m ith ,  i n  a l a t e r  paper  [ l l ] ,  a t te m p te d  to  r e s o l v e  th e
a p p a re n t  n o n - m ig r a t io n  o f  th e  b u l k i e r  group i n  th e  case o f  
b e n z y l id e n e a c e t o n e ,  by assuming t h a t  a t t r a c t i o n  between th e  
e l e c t r o n  r i c h  o l e f i n i c  bond and the p o s i t i v e  charge on the  
d ia zo n iu m  n i t r o g e n s  s t a b i l i s e d  th e  im in o d ia z o n iu m  io n  w i t h  the  
diazo n iu m  n i t r o g e n s  syn to  th© s t y r y l  g ro u p ,  i . e .
thu s  l e a d i n g  to  p re d o m in a te  p r o d u c t io n  o f  t h i s  i o n ,  and hence  
t o  N -m e th y lc in n a m a m id e ,
But such an e x p l a n a t i o n ,  in  u n m o d i f ie d  f o r m ,  i s  h a r d  to  
r e c o n c i l e  w i t h  the  1 0  : 1  predominance o f  th e  p r o d u c ts  o f  s t y r y l  
m ig r a t i o n  i n  the  Schmidt r e a c t i o n  o f  c y c l o p r o p y l  s t y r y l  k e to n e ,  
i n  a m ix t u r e  o f  c h lo ro fo rm  and s u lp h u r ic  a c i d ,  as r e p o r t e d  by  
Bunce and Clolce [ 3 9 ] .  S e v e r a l  b e n z y l id e n e a c e to p h e n o n e  s have  
been s u b je c te d  to  the  Schmidt r e a c t i o n ,  Boyer and Sanders [4 0 ]  
o b t a in e d  4 8 $  o f  th e  p r o d u c t  d e r i v e d  f rom  m ig r a t i o n  o f  th e  lo n e  
ph e n y l  group in  (3 -p h e n y lb e n z y l id e n e a c e to p h e n o n e , Ph,^GH:CH,CO.Ph  
w h i l e  g i r e k  [ 2 1 ] ,  w ork in g  on b e n z y l id e n e a c e to p h e n o n e  and on a 
s e r ie s  o f  3 -  and 4 - k a l o b e n z y l id e n e a c e t o n e s ,
Ph, CH =  CII, C. CH,
11 5
N 2 - N
\ \ -  CH: CH.CO-- v
\ .
o b t a in e d  th e  a n i l i d e s  o f  c innam ic  a c id  o r  o f  the  c o r re s p o n d in g  
h a lo e in n a m ie  a c id s  i n  4 0 - 4 5 $  y i e l d *
M a r s i l i  [ 4 1 * 4 2 ]  has s u b je c te d  a number o f  indones  to  
th e  Schmidt r e a c t i o n  i n  s u lp h u r i c  a c i d .  For  a s e r i e s
r i n g  expans ion  occurs  to  g iv e  a m ix t u r e  o f  l a c t a m s ,  w i t h  p r e ­
dominate  m ig r a t io n  o f  t h a t  s ide  o f  th e  r i n g  which c o n ta in s  the  
s u b s t i t u e n t .  However,  when X = C0.NH2 o r  COgEt, and the  
r e a c t i o n  medium i s  a m ix t u r e  o f  s u lp h u r ic  and a c e t i c  a c id s  
t h e  compounds
X = a l k y l ,  CN, COgEt, C0.NH2
0
Ph
OH
are  o b t a in e d .
The mechanism suggested i s  shown b e lo w .
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I t  i n v o l v e s  a d d i t i o n  o f  h y d r a z o ic  a c i d  to  the  (ty carbon  
atom, f o l l o w e d  by lo s s  o f  n i t r o g e n  f rom  th e  r e s u l t i n g  p r o t o n a t e d  
a z id e  and r i n g  c lo s u r e  to  g iv e  an a z i r i d i n e  d e r i v a t i v e ,  which  
th e n  undergoes a r e a r ra n g e m e n t  s i m i l a r  t o  t h a t  suggested by  
K oelsch  [43] f o r  some c y c lo p ro p an e  d e r i v a t i v e s ,  to  g iv e  a s i x -  
membered r i n g  whioh e n o l i s e s  to  fo rm  an i s o q u i n o l i n e  d e r i v a t i v e ®  
I n  a r e c e n t  p r e l i m i n a r y  n o te  [44] t h i s  a u th o r  has r e ­
p o r t e d  s t u d ie s  o f  the  Schmidt r e a c t i o n  o f  indones o f  the type
...
Ph
o’
R R = Ph, Me, E t
a&d in  a d d it io n  to  th e  e x p e c te d  m ix tu re  o f  la c ta m s  he i s o la t e d
th e  b ase s  shown b e lo w ,
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and, in  th e  case o f  2 , 3 -d ip h e n y l in d o n e  a base o f  the  s t r u c t u r e  
b e lo w .
I n  v ie w  o f  the  d i f f e r i n g  p ro d u c ts  o b t a in e d  i n  the  
Schmidt r e a c t i o n  o f  b e n z y l i d e n e a c e t o n e ,  and in  the  Beckmann 
re a r ra n g e m e n t  o f  i t s  o x im e , and o f  the  d i f f e r i n g  y i e l d s  r e ­
p o r t e d  in  the  f o r m e r ,  and because o f  the  non—c o r r e l a t i o n  w i t h  
th e  r u l e  o f  p r e f e r e n t i a l  m i g r a t i o n  o f  the b u i ld e r  group i n  the  
f o rm e r  c as e ,  i t  was d e c id e d  to  :
( i )  s tudy  the  Schmidt r e a c t i o n  o f  b e n z y l i d e n e a c e t o n e , 
r e p e a t i n g  th e  work o f  B r ig g s  erfc a l i a  [ 3 5 ] ,  o f  Smith [ 9 ] ,  and 
o f  Conley [ 3 6 ] ,  and
( i i )  to  e x te n d  the  work to  cover  a number o f  s u b s t i t u t e d  
b e n z y l id e n e a c e t o n e s , i n  o r d e r  to  d e te rm in e  i f  the  e l e c t r o n i c  
n a t u r e  o f  th e  s u b s t i t u e n t  would i n f l u e n c e  the p r o d u c t s .
OBJECTS OF THE PRESENT WORK
PREPARATION OF THE STARTING MATERIALS
jo-Methoxy— and m - n i t r o - b e n z y l i d e n e a c e t o n e  were p re p a re d  
by the  c o n d en sa t io n  o f  ace tone  and the c o rre s p o n d in g  b e n z a l d e -  
hyde i n  the  presenoe o f  sodium h y d r o x id e ,  v i a  the  n o n - i s o l a t e d  
h y d r o x y k e to n e , which d e h y d ra te d  s p o n ta n e o u s ly  i n  th e  case o f  
the  p^-methoxy compound, o r  on h e a t i n g  i n  a c i d ,  as w i t h  the  
m - n i t r o  compound.
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p _ -N i t ro b e n z y l id e n e a c e to n e  was p re p a re d  by the n i t r a t i o n  
o f  b e n z y l id e n e a c e to n e  i n  a m ix tu r e  o f  n i t r i c  and s u lp h u r ic  a c id s  
o a « ” 4 0 ° ,  thus  c o n f i r m in g  the  f i n d i n g s  o f  Le Fevre  [ 4 5 ] ,  who 
o b t a in e d  o n ly  the  p a ra  isom er by t h i s  p r o c e d u r e ,  n o t  a m ix t u r e  
o f  the  o r th o  and p a ra  isom ers  as r e p o r t e d  by Baeyer and 
Drewson [ 4 6 ] .  The k e to n e s  were d i s t i l l e d  a n d /o r  r e c r y s t a l l i s e d  
to  th e  l i t e r a t u r e  m .p . s .  A commercia l  sample o f  b e n z y l i d e n e ­
acetone was used.
THE SCHMIDT REACTION OF BENZYLIDENEACETONE UNDER A
VARIETY OF CONDITIONS
The Schmidt r e a c t i o n  o f  b e n z y l id e n e a c e t o n e  has been  
p er fo rm ed  i n  s u lp h u r ic  a c id  a t  0° and 3 0 ° ,  and i n  c h lo ro fo rm  
and s u lp h u r ic  a c i d ,  and s u lp h u r ic  a c id  mono- and d i - h y d r a t e s ,
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a l l  a t  3 0 ° ,  The r e s u l t s  o f  these  r e a c t i o n s  a re  summarised  
i n  Tab le  1 , page 87#
The c o n d i t i o n s  used f o r  the  r e a c t i o n  i n  c h lo ro fo rm  and 
s u lp h u r i c  a c id  were those  o f  Arcus and Marks [ 4 8 ] .  The ke tone  
i n  c h lo ro fo rm  was added to  a m ix t u r e  o f  s u lp h u r ic  a c id  and 
sodium a z id e  a t  3 0 ° ,  and a f t e r  3 hv,  the  m ix t u r e  was poured on to  
i c e .  The c h lo ro fo rm  l a y e r  and c h lo r o fo r m  e x t r a c t s ,  a f t e r  washing  
w i t h  aqueous sodium hydrogen c a rb o n a te  and d i s t i l l i n g  o f  the  
s o l v e n t ,  y i e l d e d  th e  n e u t r a l  f r a c t i o n j  w h i l e  th e  aqueous s o l u t i o n  
was d i s t i l l e d  u n t i l  i t  no lo n g e r  gave a p r e c i p i t a t e  w i t h  B r a d y 1s 
r e a g e n t .  The d i s t i l l a t e  was t r e a t e d  w i t h  B r a d y 's  r e a g e n t  to  
g iv e  th e  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e . The d i s t i l l a t i o n  r e s i d u e s ,  
a f t e r  b e in g  made a l k a l i n e ,  were e x t r a c t e d  w i t h  e t h e r ,  the  ex­
t r a c t s  y i e l d i n g  th e  b a s ic  f r a c t i o n ,  which was i d e n t i f i e d  as 
a n i l i n e  by the  p r e p a r a t i o n  from  i t  o f  2 , 4 ? 6 - t r i b r o m o a n i l i n e , 
Chromatography on a lu m in a  o f  the  2 , 4 - f i i n i t r o p h e n y l -  
h ydrazone  gave s e v e r a l  bands ,  th e  f i r s t  o f  whioh was shown to  
c o n t a in  the  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  o f  b e n z a ld e h y d e , o b t a in e d  
i n  v e r y  sm al l  y i e l d .  The n e u t r a l  f r a c t i o n  was s e p a ra te d  by 
chrom atography on a lu m in a .  I t  y i e l d e d ,  i n  o r d e r ,  crude b e n z y l i ­
d e n e a c e to n e ,  i d e n t i f i e d  as i t s  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e , a 
substanoe m.p , 1 4 2 - 1 4 3 ° ,  and N -m e th y lc in n a m a m id e . The substance  
m .p ,  1 4 2 - 1 4 3 ° ,  which a n a ly s e d  f o r  was assumed to  be
one o.f th e  t e t r a z o l e s
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s ince  the  l a t t e r  a re  f r e q u e n t l y  e n c o u n te red  as by—p ro d u c ts  in  
the  Schmidt r e a c t i o n  [ 4 7 ] •
The p r e p a r a t i o n  o f  N—m ethylc innam am ide by t h i s  method 
c o n f i rm s  the  work o f  B r ig g s  ejfc a l i a  [ 3 5 ] *  i s  c o n t r a r y  to
th e  work o f  Smith and H o r w i t z  [9 ]«
The Schmidt r e a c t i o n  o f  b e n z y l id e n e a c e t o n e  in  s u lp h u r ic  
a c i d  a t  0°  and 3 0 ° ,  and i n  s u lp h u r ic  a c id  mono- and d i - h y d r a t e s  
a t  3 0 ° ,  was c a r r i e d  ou t  by a dd ing  sodium a z id e  to  a s t i r r e d  
m ix t u r e  o f  the  ke tone  and the  a c i d ,  and a f t e r  the  r e a c t i o n  t im e  
shown in  Tab le  1 ,  page 87 * the  m ix t u r e  was poured on to  i c e .
W i th  s u l p h u r ic  a c id  a t  0°  and 30 °  as the  r e a c t i o n  medium, 
no s ign o f  n i t r o g e n  e v o l u t i o n  was d e t e c t e d ,  and o n ly  unchanged  
ke to ne  r e s u l t e d  when the  r e a c t i o n  m ix t u r e  was poured on to  i c e .  
Smith and H o r w i t z  [ 9 ] *  who c la im e d  to  have o b t a in e d  s m a l l  
q u a n t i t i e s  o f  N -m ethy lc innam am ide  from th e  r e a c t i o n  i n  s u lp h u r i c  
a c i d ,  u n f o r t u n a t e l y  do n o t  d e s c r ib e  t h e i r  r e a c t i o n  c o n d i t i o n s .  
However,  w i t h  s u lp h u r ic  a c id  mono- and d i - h y d r a t e s ,  
e v o l u t i o n  o f  gas was seen t o  ta k e  p l a c e ,  and the  p r o d u c t s ,  i s o ­
l a t e d  f o l l o w i n g  c h ro m ato g ra p h y ,  were in  the  f i r s t  case a m ix t u r e  
o f  unohanged ke to n e  and N—m eth y lc in n a m a m id e , and in  the  second
P h . CH s CH -
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The c o m p a ra t iv e  amounts o f  N-m ethy lc innam am ide  and un­
changed ke tone  o b t a in e d  in  t h i s  s e r i e s  o f  r e a c t i o n s  make an 
i n t e r e s t i n g  s tu d y .  At 30°  in  s u lp h u r ic  a c i d  no r e a c t i o n  ta k e s  
p l a c e .  At 30°  i n  s u l p h u r ic  a c i d  m ono-hydra te  a f t e r  6 h o u rs ,
48% o f  the  k e to n e  i s  r e c o v e r e d ,  and 1 8 $  o f  N -m ethy lc innam am ide  
i s o l a t e d ,  w h i l e  i n  s u lp h u r i c  a c id  d i —h y d r a t e  a t  the  same 
t e m p e r a t u r e ,  b u t  a f t e r  o n l y  3 h o u r s ,  no k e to n e  was r e c o v e r e d ,  
and N-m ethy lc innam am ide  was i s o l a t e d  in  4 8 $  y i e l d .  A lthough  
thes e  r e s u l t s  a re  o n ly  q u a l i t a t i v e ,  t h e y  do show t h a t  the  e x t e n t  
o f  the  r e a c t i o n  i s  d e c reased  hy a s t r o n g e r  a o id  medium. S i m i l a r  
f i n d i n g s  have been r e p o r t e d  by Bak [ 4 9 ] 9 who found t h a t  th e  
i n i t i a l  r a t e  o f  the  r e a c t i o n  o f  ph enan th ra q u in o n e  i n  s u lp h u r ic  
a c i d - w a t e r  m ix t u r e s  dec rea s ed  w i t h  i n c r e a s i n g  a c i d i t y .  However,  
a l th o u g h  the  i n i t i a l  s tag e s  o f  t h i s  r e a o t i o n  a re  b e l i e v e d  to  be 
o f  the  normal k e t o n i c  Schmidt r e a c t i o n  t y p e ,  a d i p r o t o n a t e d  ion  
i s  p o s s i b l y  i n v o l v e d ,  and a c lo s e  p a r a l l e l  w i t h  the r e s u l t s  
o b t a in e d  i n  t h i s  work should n o t  be made.
THE SCHMIDT REACTION OF SOME BENZYLIPENEACETONES 
IN  CONCENTRATED HYDROCHLORIC ACID
B e n z y l id e n e a c e to n e ,  p^-methoxy-, r —n i t r o -  and m - n i t r o -  
b e n z y l id e n e a c e t o n e  were s u b je c te d  to th e  s ta n d a r d is e d  Schmidt
case  o n ly  t h a t  same am ide.
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r e a c t i o n  c o n d i t io n s  b e lo w .  To the ke to ne  i n  s t i r r e d ,  concen­
t r a t e d  h y d r o c h l o r i c  a c id  a t  20°  was added sodium a z id e  d u r in g  
1 h o u r .  S t i r r i n g  was c o n t in u e d  u n t i l  e v o l u t i o n  o f  gas ceased,  
when the  r e a c t i o n  m ix t u r e  was poured i n t o  w a t e r ,  th e  r e s u l t i n g  
s o l i d  ( i )  was f i l t e r e d  o f f ,  and a f u r t h e r  q u a n t i t y  o f  s o l i d  ( l l )  
was o b t a in e d  by making th e  s o l u t i o n  a l k a l i n e ;  t h i s  was a ls o  
f i l t e r e d  o f f .  ( I )  and ( l l )  were b o th  i d e n t i f i e d  as the sub­
s t i t u t e d  or  u n s u b s t i t u t e d  N -m e thy lc inn am am i& e , the s u b s t i t u t e d  
compounds by mixed m .p .  d e t e r m i n a t i o n s  w i t h  samples s y n th e s is e d  
f ro m  the  c o r re s p o n d in g  c innam oyl  c h l o r i d e  and m eth y la m in e ,  and 
N -m ethy lc innam am ide  by i t s  m .p .  a lo n e .  The y i e l d s ,  shown in  
T a b le  2, page 88 v a r i e d  between 6 9  and 8 2$ .  The o b s e r v a t io n s  
o f  Smith and H o r w i t z  [ 9 ]  on the  p r e p a r a t i o n  o f  N -m e th y lc in n a m a -  
mide a re  thus c o n f i r m e d .
I t  would appear  t h a t  p -m e th o x y b e n z y l i& e n e a c e to n e  r e a c t e d  
much f a s t e r  than  the  o t h e r  k e to n e s .  T h is  may be i n  p a r t  due 
to  th e  g r e a t e r  s o l u b i l i t y  o f  t h i s  compound i n  h y d r o c h l o r i c  a c i d .  
A p a r t  f rom  t h i s ,  i t  seems t h a t  the  n a t u r e  o f  th e  s u b s t i t u e n t s  
makes l i t t l e  d i f f e r e n c e  to  the  p r o d u c t s .
THE SCHMIDT REACTION OF SOME BENZYLIDENEACETQNES 
IN  POLYPHOSPHORIC ACID
B e n z y l id e n e a c e to n e ,  j^-methoxy—, ] D - n i t r o , and m - n i t r o -  
b e n z y l id e n e a o e to n e s  were s u b je c ted  to  th e  Schmidt r e a c t i o n  in
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p o ly p h o s p h o r ic  a c id  by add ing  sodium a z id e  over  1 hour to  the  
ke to n e  i n  the  a c id  a t  3 0 ° .  A f t e r  a f u r t h e r  8 h o u rs ,  c o ld  w a te r  
was added to  the  m i x t u r e ,  th e  t a r  o r  s o l i d  thus form ed was 
s e p a r a t e d ,  th e  aqueous s o l u t i o n  was e x t r a c t e d  w i t h  c h lo r o fo r m ,  
and th e  r e s id u e s  f rom  the  c h lo ro fo rm  s o l u t i o n s ,  f o l l o w i n g  washing  
w i t h  aqueous sodium hydrogen c a rb o n a te  and rem ova l  o f  the  s o l ­
v e n t ,  were added to  th e  s o l i d  o r  t a r  to  g iv e  the  n e u t r a l  f r a c t i o n .  
50 m l,  were then d i s t i l l e d  from the  aqueous s o l u t i o n ,  and the  
d i s t i l l a t i o n  r e s id u e s  were made a l k a l i n e  and e x t r a c t e d  w i t h  
e t h e r .  I n  th e  cases o f  b e n z y l id e n e a c e t o n e  and m eth oxyben zy l~  
id e n e a o e t o n e , a n i l i n e  and p_~anis id ine  r e s p e c t i v e l y  were o b t a in e d  
when the  e t h e r  was removed*
The n e u t r a l  f r a c t i o n s  were s u b je c te d  to  chrom atography  
on an a lu m ina  column, the  f i r s t  e l u e n t  b e in g  ben ze n e ,  and l a t e r  
e l u e n t s  b e in g  m ix t u r e s  o f  benzene and e i t h e r  acetone  o r  
m e th a n o l .  The p ro d u c ts  o b t a in e d ,  in  o r d e r  o f  e l u t i o n  w e r e ,
( i )  th e  unchanged k e to n e  ( f o r  a l l  the  r u n s ,  ex c e p t  tho se  on 
b e n z y l i d e n e a c e t o n e ) ,
( i i )  the  N - s t y r y la o e t a m i d e  ( f ro m  th e  n i t r o k e t o n e s ) ,
( i i i )  a m ix t u r e  o f  the  N - s t y r y l a c e t a m i d e  and the N - m e t h y l -  
cinnamamide (an a p p r e c i a b le  q u a n t i t y  o f  t h i s  m ix t u r e  
was o b t a in e d  o n ly  i n  th e  case o f  m - n i t r o b e n z y l i d e n e -  
a c e t o n e ) ,
( i v )  th e  N-me th y lc in n a m a m id e  ( f r o m  a l l  the  lc e to n e s ) ,
( v )  a sm al l  q u a n t i t y  o f  a h ig h  m .p .  s o l i d  ( f o r  b e n z y l i d e n e ­
acetone  and p_ -m eth oxybenzy l ideneacetone  o n l y ) ,  which  
a n a l y s i s  showed t o  have th e  same e m p i r i c a l  f o r m u la  as the  
amides.  These s o l i d s  were n o t  f u r t h e r  c h a r a c t e r i s e d .
In  some a d d i t i o n a l  3 hour runs  on b e n z y l id e n e a c e t o n e  a 
s m a l l  amount o f  N—s t y r y l a c e t a m id e  was i s o l a t e d .
The N - s t y r y la c e t a m i d e s  were i d e n t i f i e d  hy t h e i r  carbon  
hydrogen and n i t r o g e n  a n a l y s e s ,  the o c c u rre n c e  o f  peaks in  t h e i r  
i n f r a - r e d  s p e c t r a  a t t r i b u t a b l e  to  N -  H and C = 0 s t r e t c h ,  and 
by t h e i r  h y d r o l y s i s  p r o d u c t s .  Amides o f  t h i s  type  a re  known 
to  undergo a t a u t o m e r ic  change o f  the  e n a m in e -k e t im in e  t y p e ,  
f o l l o w e d  by h y d r o l y s i s  o f  th e  k e t im in e  fo rm ,  when h e a te d  i n  
a c id s  .
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N - s t y r y l a c e t a m i d e ,  m .p .  1 1 1 - 1 1 2 ° ,  was h y d ro ly s e d  in  
the  p resence  o f  B r a d y f s r e a g e n t  to  g iv e  th e  2 , 4 - d i n i t r o p h e n y l ­
hydrazone o f  p h e n y la c e t a ld e h y d e . Auwers and Von B r in k  [37 ]?  
r e p o r t  m .p .  105—1 0 6°  f o r  t h i s  compound. But s ince  t h e i r  
amide on h y d r o l y s i s  y i e l d e d  some m ethy lam ine  i n  a d d i t i o n  to  
th e  ex p e c te d  p r o d u c t s ,  i t  i s  p o s s i b le  t h a t  t h e i r  sample was
co n ta m in a te d  w i t h  N—m eth y lc in n a m am id e . j v - N i t r o s t y r y l a c e t a m i d e ,
m.p ,  1 9 1 * 5" -192 .5 ° ,  was h y d ro ly s e d  to  £ - n i t r o p h e n y l a o e t a l d e h y d e ,  
( C o r b e t t  and Davey [ 3 8 ]  r e p o r t  m.p, 155°  f o r  t h i s  compound),  
m - N i t r o  s t y r y l  a c&taiai&e , HUP* l 6 o ~ l 6 l ° ,  was h y d ro ly s e d  in  
the  presence  o f  B r a d y ’ s r e a g e n t  to the 2 , 4 - d i n i t r o p h e n y l — 
hydrazone o f  m—n i t r o p h e n y l a c e t a l d e h y d e .
Th is  h y d r o l y s i s  was used as the  b a s is  f o r  e s t i m a t i n g  
th e  q u a n t i t y  o f  m - n i t r o s t y r y l a c e t a m i d e  i n  a m ix t u r e  o f  t h i s  
amide and N -m e th y l—m—n i t r o c in n a m a m id e .  A f t e r  p r e l i m i n a r y
s e p a r a t io n  o f  most o f  the  N -m ethy lc innam am ide  by r e c r y s t a l l i s a ­
t i o n  f rom  a c e to n e ,  the  ace tone  f i l t r a t e s  were e v a p o ra te d  to  
d ry n e s s ,  the  r e s i d u e  was h y d r o ly s e d  i n  B r a d y ’ s r e a g e n t ,  and 
the  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  formed was d r i e d  and w e ighed .
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THE MECHANISM OF THE SCHMIDT REACTION OF THE 
BENZYLIDENEACETONES
R e fe re n c e  to  T a b le s  2 - 5 *  pages 88 — 91 show t h a t
( i )  th e  Schmidt r e a c t i o n  o f  the  b e n z y l id e n e a o e to n e s  in  c o n -
I
c e n t r a t e d  h y d r o c h l o r i c  a c i d  l e d ,  i n  e v e ry  c a se ,  to  p r o d u c t io n  
o f  the  N -m ethy lc in n am a m id e ,  and,
( i i )  when th e  r e a o t i o n  was per fo rm ed  in  p o ly p h o s p h o r io  a c i d ,  
n i t r o -  and m - n i t r o - b e n z y l i d e n e a c e t o n e s  gave a m ix t u r e  o f  the
N -s ty ry la c e ta m id e  and th© N—m eth y lc in n a m am id e , w i t h  the  fo r m e r  
p r e d o m in a t in g ,  as th e  p r i n c i p l e  p r o d u c t s .  B e n z y l id e n e a c e to n e  
and £ -m e th o x y b e n z y l id e n e a c e to n e  gave none o f  the  N - s t y r y l a c e t a m i d e  
a f t e r  a 9 hour r u n ,  a l th o u g h  a sm a l l  q u a n t i t y  o f  N - s t y r y l a c e t a m i d e  
was o b t a in e d  from  the  fo r m e r  d u r in g  a 3 hour r u n .  The absence  
o f  th e s e  compounds d u r in g  th e  lo n g e r  run  may be due to  the  
g r e a t e r  ease o f  h y d r o l y s i s  o f  the s e  compounds compared to  the  
N ~ n i t r o s t y r y l a e e t a m i d e s .  Because o f  t h i s ,  th e  amide r a t i o s
f o r  b e n z y l id e n e a c e t o n e  and jD -m e th o x y b e n zy l id e n e a c e to n e , and the  
r a t i o s  found by o t h e r  w o rk e rs  f o r  a p - u n s a t u r a t e d  k e to n e s  where  
t h e  q u a n t i t y  o f  r e c o v e re d  m a t e r i a l  i s  lo w ,  must be c o n s id e r e d  to  
be u n c e r t a i n .  However,  i n  th e  case o f  the n i t r o k e t o n e s  t h e r e  
i s  a d e f i n i t e  change i n  th e  amide r a t i o ,  f rom  a predominance o f  
th e  N—s t y r y la c e t a m id e  to  th e  N-m ethy lc innam am ide  in  p o ly p h o s p h o r ­
i o  a c id  v a r y i n g  between 7 * 1 and 4  : 1 ,  t o  p r o d u c t io n  o f  the
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N-m ethy lc innam am ide  in  about  8 0 $  y i e l d  i n  c o n c e n t r a t e d  h y d r o c h lo ­
r i c  a c i d .  No p r e v io u s  case o f  v a r i a t i o n  o f  th e  amide r a t i o  
w i t h  s o lv e n t  has been r e p o r t e d ,  a l th o u g h  McEwen and W e s t la n d  [5 0 ]  
have lo o k e d  f o r  such a v a r i a t i o n  i n  th e  r e a c t i o n  o f  j r - m e t h y l -  
benzophenone•
The a u th o r  b e l i e v e s  t h a t  the  v a r i a t i o n  o f  th e  amide r a t i o s  
w i t h  s o lv e n t  in  the  n i t r o b e n z y l i d e n e a c e t o n e s  can be e x p l a i n e d  
by the f o l l o w i n g  argum ent ,  based on S m i th 's  mechanism f o r  th e  
k e t o n i c  Schmidt r e a c t i o n .
I n  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  the  predo m in ant  p r o ­
d u c t io n  o f  th e  N—m ethylc innam am ide  i s  due to  s t a b i l i s a t i o n  o f  th© 
im in o d ia z o n iu m  io n  w i t h  the  d ia zo n iu m  n i t r o g e n s  syn to  th e  s t y r y l  
group by a t t r a c t i o n  between th e  e l e c t r o n  r i c h  double  bond and 
th e  p o s i t i v e  charges  on th e  d iazo n iu m  n i t r o g e n s .
The a ro m a t ic  r i n g ,  th e  o l e f i n i c  and im ino  bonds are  assumed to  
be i n  the  same p la n e  f o r  maximum s t a b i l i s a t i o n .  Th is  e f f e c t ,  
f i r s t  proposed hy  Smith  [ l l ] ,  w i l l  l e a d  to  m ig r a t i o n  o f  th e  
m e th y l  group.
I f in the more strongly acidic medium of polyphosphoric
a c i d ,  p r o t o n a t io n  a t  the  o l e f i n i c  bond ta k e s  p la c e  p r i o r  t o  lo s s  
o f  n i t r o g e n ,  i t  i s  proposed t h a t  th e  f o l l o w i n g  f a c t o r s  s t a b i l i s e  
th e  i n t e r m e d i a t e  w i t h  th e  d iazo n iu m  n i t r o g e n s  s.yn to  m e t h y l .
N -  N0©
It
Ar.CH.CH2 *C -  CH3
( a )  The o l e f i n i c  bond has been d e s t r o y e d ,  so t h a t  the  
a t t r a c t i o n  e f f e c t  can no lo n g e r  o p e r a t e .
( b )  The im in o d ia z o n iu m  ion s  then p r e s e n t  w i l l  a p p ro x im a te  
to  th o se  produced by b e n z y l a c e t o n e , Ph .C H ^, CH^, CO. CH^. B r ig g s  
e t  a l i a  [35] have shown t h a t  i n  the Schmidt r e a c t i o n  of t h i s
k e to n e  b e n z y l  m ig r a t i o n  p re d o m in a te s .  Hence th e  b u lk  e f f e c t  
should ensure  p r e f e r e n t i a l  m ig r a t i o n  o f  th e  ” s t y r y l ” group .
( c )  An e l e c t r o s t a t i c  r e p u l s i o n  e f f e c t  may now o p e r a t e  
betw een  the two p o s i t i v e  c h a rg e s .  Schmidt ejfc a l i a  [5i] bave  
proposed t h a t  such an e f f e c t  i n f l u e n c e s  the  isom er r a t i o  d u r in g  
tie Schmidt r e a c t i o n  o f  some c y o l i c  a —a m in o ke to n e s ,  l e a d i n g  to  
p r e f e r e n t i a l  m ig ra t io m  of. th e  b a s i c a l l y  s u b s t i t u t e d  a - r i n g  
carbon atom.
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S i m i l a r l y ,  i n  a s e r i e s  o f  k e t o n e s ,  (/ ty—CO.fCHgJg -N
v\ . . ,/
3 /  C d .
th e y  have found such an e f f e c t  i n f l u e n c e s  the  amide r a t i o #  The 
e f f e c t  d ecreases  as n i n c r e a s e s .
F a c t o r s  ( a ) ,  ( h )  and ( c )  l e a d  to  the  p r o t o n a t e d  i m i n o -  
d ia zo n iu m  io n  w i t h  th e  d ia zo n iu m  n i t r o g e n s  s.yn to  m e t h y l ,  and 
hence to  s t y r y l  m i g r a t i o n .  To see t h e  i n f l u e n c e  o f  the s e  
e f f e c t s  on the  course o f  th e  r e a c t i o n ,  a c l o s e r  lo o k  a t  the  
mechanism i s  r e q u i r e d .
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R e a c t io n  proceeds  as i n  th e  normal Smith mechanism,
4 J
A r . CH:CH.NH.CO. CH. A r . CH:CH.CO.WH.CH.
T h is  argument i s  based on S m i t h ’ s mechanism, and o n ly  
those  p a r t s  o f  the  l a t t e r  which a re  r e l e v a n t  a re  shown. The 
r e a c t i o n  proceeds by th e  norm al  mechanism as f a r  as th e  a z i & o -  
h y d r i n  ( l ) ,  b u t  may th e n  go by th e  p a th  on th e  R ,H#S,  o f  th e  
page,  l e a d i n g  t o  th e  N—m eth y lc in n a m a m id e , o r  by th e  p a th  on 
the  L . H . S . ,  l e a d i n g  t o  th e  N - s t y r y l a o e t a m i d e , o r  i t  may go 
p a r t i a l l y  by each r o u t e .
The R , H . S ,  r o u t e  i s  the  norm al  Smith mechanism w h i l e  
t la t  on th e  L . H . S ,  i n v o l v e s  p r o t o n a t i o n  a t  th e  a z i d o h y d r in  s tage  
and an a d d i t i o n a l  s tep  l a t e r  i n  the  r e a c t i o n  n e c e s s a ry  to  e j e c t  
the  p r o to n  a g a in .  S in c e ,  i n  common w i t h  th e  norm al  Smith  
mechanism^ the s teps  C are  i r r e v e r s i b l e  and f a s t  compared w i t h  
steps B, the  r e l a t i v e  p o p u la t i o n s  o f  ( i l l )  and ( I V )  w i l l  de­
te r m in e  the  amide r a t i o .  The p o p u la t io n s  o f  ( i l l )  and ( I V )  
w i l l  i n  t u r n  be d e c id e d  b o th  by the  te n den cy  o f  th e  a z id o h y d r in  
to  a c ce p t  a p r o t o n ,  and by the  r e l a t i v e  r a t e s  o f  s tep s  B^ and 
I t  i s  u n l i k e l y  t h a t  p r o t o n a t i o n  o f  the  a z id o h y d r in s  
d e r iv e d  from  the  b e n z y l id e n e a c e t o n e s  w i l l  ta k e  p la c e  in  th e  r e ­
l a t i v e l y  w e a k ly  a c i d i c  h y d r o c h l o r i c  a c i d ,  so i n  t h i s  medium th e  
r e a c t i o n  must p roceed  by th e  r o u t e  shown on th e  R . H , S , ,  l e a d i n g  
to  th e  N-methy lc innam am ides#  D u r in g  the  r e a c t i o n  o f  th e  
n i t r o k e t o n e s  i n  p o ly p h o s p h o r io  a c i d  i t  i s  proposed t h a t  a degree  
o f  p r o t o n a t i o n  ta k e s  p l a c e ,  and the r e a c t i o n  proceeds by b o th  
p a t h s ,  l e a d i n g  to  a m ix t u r e  o f  the two amides#
B e n z y l id e n e a c e to n e  and p y m e th o xy b e n zy l i& e n e a c e to n e  should he 
p r o t o n a t e d  t o  a g r e a t e r  degree  than  the  n i t r o k e t o n e s , due to  
h e i r  g r e a t e r  a b i l i t y  to  s t a b i l i s e  th e  p r o t o n a t e d  fo rm  by re s o n ­
ance ,  in  t h i s  same s o l v e n t .  However,  the step Bg, i f  t h i s  
in v o lv e s  a b s t r a c t i o n  o f  w a te r  by the  b i s u l p h a t e  io n  as suggested  
by Smith [ l l ] ,  would be f a c i l i t a t e d  by e l e c t r o n  r e l e a s e  th ro u g h  
th e  c o n ju g a te d  o l e f i n i c  bond. Th is  r e l e a s e  would be more 
a v a i l a b l e  f rom  b e n z y l id e n e a c e t o n e  and t h o x y b e n z y l id e n e a c e -
tone than from  the  n i t r o k e t o n e s , and f o r  the  fo rm er  k e to n e s  
the step Bg w i l l  be speeded up compared to the  step and hence
g i v i n g  a g r e a t e r  degree o f  m e th y l  m ig r a t i o n  f rom  th e s e  k e to n e s  
th a n  f rom  the  n i t r o k e t o n e s .
T h is  e x p l a n a t i o n  can be a p p l i e d  to  th e  a{3~unsatura ted  
k e to n e s  t h a t  have been s t u d ie d  by o t h e r  w o r k e rs .  Bunce and 
Cloke [ 3 9 ]  r e p o r t  a 10 : 1 predominance o f  s t y r y l  m ig r a t i o n  
i n  the Schmidt r e a c t i o n  o f  c y c l o p r o p y l  s t y r y l  k e to n e ,  p e r fo rm e d  
i n  a m ix t u r e  o f  c h lo ro fo rm  and s u lp h u r ic  a c i d .  I n  t h i s  medium 
a f a i r  degree o f  p r o t o n a t i o n  i s  to be e x p e c te d ,  and t h e  main 
course o f  th e  r e a c t i o n  should l i e  th rou gh  the  p r o t o n a t e d  a z i d o — 
h y d r i n ,  l e a d i n g  to  s t y r y l  m i g r a t i o n .  I n  a s i m i l a r  medium, 
a m ix t u r e  o f  benzene and s u lp h u r i c  a c i d ,  M i r e k  [ 2 1 ]  has r e p o r t e d  
o n ly  m i g r a t i o n  o f  th e  p h e n y l  group d u r in g  th e  Schmidt r e a c t i o n  
o f  b e n zy l id e n e a c e to p h e n o n e  and a number o f  3 — and 4 ~ h a l o -  
b e n z y l id e n e a c e t o p h e n o n e s ; * . I n  t h i s  case b o th  th e  p r o t o n a t e d  (V )
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and non—p r o t o n a t e d  ( V I )  a z i d o h y d r in s  have the d ia z o n iu m  n i t r o g e n s  
a n t i  to  the  p h e n y l  B, l e a d i n g  to m ig r a t i o n  o f  t h i s  group
.N, N
I
d  m -c h .c h 2 . c '■</ 8  y
( v )  ( V I )
I n  th e  p r o t o n a t e d  im in o d ia z o n iu m  io n  ( V I ) ,  s im ple  b u lk
e f f e c t  should be s u f f i c i e n t  to  overcome the  e l e c t r o s t a t i c  r e -
i
p u l s i v e  e f f e c t  between th e  two p o s i t i v e  c h a rg e s ,  and hence the  
ph e n y l  B w i l l  be a n t i  to  the  -Ng group.  I n  th e  n o n - p r o to n a t e d  
fo rm  (V )  e l e c t r o s t a t i c  a t t r a c t i o n  a c ts  t o g e t h e r  w i t h  the  b i i l k  
e f f e c t  to  s t a b i l i s e  the i n t e r m e d i a t e  w i t h  the  —Ng group a n t i  to  
p h e n y l  B, Both the  p r o t o n a t e d  and n o n - p r o to n a t e d  forms l e a d  to  
p h e n y l  m i g r a t i o n ,  and s p e c u l a t i o n  about which o f  the two i n t e r ­
m ed ia te s  th e  r e a c t i o n  proceed s  th ro u g h  would be p r o f i t l e s s .
In  th e  case o f  p - p h e n y lb e n z y l id e n e a c e t o p h e n o n e , however,  
s t e r i c  h in d ra n c e  between th e  -Ng group and the  ph e n y l  A makes i t  
im p o s s ib le  f o r  the -N., group to  be b o th  sjm and c e p la n a r  w i t h  the  
two (3-phenyl groups i n  the  n o n - p r o to n a t e d  i n t e r m e d i a t e .
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R e fe re n c e  t o  models i n d i c a t e s  t h a t  o f  the  p o s s ib le  forms  
f o r  the  n o n - p r o to n a t e d  i n t e r m e d i a t e ,  th e  one below has p o s s i b l y  
th e  b e s t  co m b in a t io n  o f  s t e r i c  f reedom  and resonance  s t a b i l i s a ­
t i o n  ( t h e  im in o  bond i s  c o p la n a r  and i n  c o n ju g a t io n  w i t h  th e  
p h e n y l  group C, and th e  o l e f i n i c  bond i s  c o n ju g a te d  w i t h  p h e n y l  
groups A and B ) .  The shaded p o r t i o n  o f  the  d iagram  r e p r e s e n t s  
the  p la n e  o f  the  o l e f i n i c  bond and the  p h e n y l  groups A and B,
Th is  io n  w i l l  l e a d  to  p h e n y l  m i g r a t i o n .  The e f f e c t  
o f  p r o t o n a t io n  i s  h a r d e r  to  see i n  t h i s  c a s e .  However,  models  
show t h a t  the  io n  be low  ( V I I ) ,  s i m i l a r  to  the  one proposed  
f o r  th e  n o n - p r o to n a t e d  i n t e r m e d i a t e  above ,  and w hich  a ls o  le a d s  
to  p h e n y l  m i g r a t i o n ,  has l i t t l e  h in d r a n c e ,  and i s  s t a b i l i s e d  
by c o n ju g a t io n  between th e  im ino  group and the  p h e n y l  C.
( V I I )
Hence b o th  r o u t e s  l e a d  to  ph e n y l  m i g r a t i o n .  Boyer and 
Sanders [4 0 ]  have r e p o r t e d  th e  i s o l a t i o n  o f  4 8 $  o f  the  p r o d u c t  
o f  p h e n y l  m i g r a t i o n  f rom  the Schmidt r e a c t i o n  o f  t h i s  ke to n e
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i n  a m ix t u r e  o f  c h lo ro fo rm  and s u lp h u r ic  a c i d .
M a r s i l i  [41? 4 2 ]  has r e p o r t e d  t h a t  the  2 - s u b s t i t u t e d  
r i n g  carbon atom m ig r a t e s  p r e f e r e n t i a l l y  d u r in g  the Schmidt  
r e a c t i o n  o f  a number o f  2 , 3 - s u b s t i t u t e d  in d o n e s .  The e x p la n a ­
t i o n  in  t h i s  case i s  t h a t  the  b u lk  o f  the  2—s u b s t i t u e n t  should  
ensure  t h a t  th e  group i s  a n t i  to  th e  s u b s t i t u e n t  i n  bo th
th e  p r o t o n a t e d ( V I I I )  and non—p r o t o n a t e d  ( I X )  im in o d ia zo n iu m  
i o n s ,  so t h a t  th e  C2 r i n g  carbon atom should  m ig r a t e  prefer-**  
e n t i a l l y  in  b o th  cases ,  as o b s erved .  The a t t r a c t i o n  e f f e c t  
cannot o p e r a t e  h e re  because th e  —N2 group i s  n o t  a b l e ,  f o r  
s t e r i c  r e a s o n s ,  to  g e t  c lo s e  enough to  th e  o l e f i n i c  bond.
( V I I I )  ( I X )
The Schmidt r e a c t i o n  o f  a -m e t 'h y lb e n z y l id e n e a c e to n e  
does n o t  f i t  t h i s  mechanism. The n o n - p r o to n a t e d  i n t e r m e d i a t e  
(x) should be v e r y  s i m i l a r  to the  i n t e r m e d i a t e  produced by  
b e n z y l id e n e a c e t o n e  ( X I ) ,  and should l e a d  to  m eth y l  m i g r a t i o n .
In  c o n c e n t r a te d  h y d r o c h l o r i c  a c i d ,  where l i t t l e  p r o t o n a ­
t i o n  i s  to  be e x p e c te d ,  and th e  course o f  th e  r e a c t i o n  must l i e  
th ro u g h  th e  non—p r o t o n a t e d  i n t e r m e d i a t e ,  Smith and H o r w i t z  [ 9 ]  
r e p o r t  th e  i s o l a t i o n  o f  86$  o f  p r o d u c ts  due to m ig r a t i o n  o f  the  
a - m e t h y l s t y r y l  g roup.
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THE P R O DUCTION OF A N I L I N E  AND p ~ A N I S I D I N E  DU R I N G  THE 
SCHMIDT R E A C T I O N  OF B E N Z Y L I D E N E AC E T O N E  AND p - M E T H O X Y -
B E N Z Y L I D E N E AC E T O N E
A n i l i n e  has been i s o l a t e d  in  s m a l l  y i e l d  from the  
Schmidt r e a c t i o n  o f  b e n z y l id e n e a c e t o n e  b o th  i n  a c h lo r o fo r m  and 
s u lp h u r ic  a o id  m ix t u r e ,  and in  p o ly p h o s p h o r ic  a c i d .  
p_-»Anisidine was o b ta in e d  d u r in g  the  Schmidt r e a c t i o n  o f  
p_-m ethoxybenzy l ideneacetone  i n  th e  l a t t e r  medium o f  12$  y i e l d ,
where a compound c o n t a i n i n g  an o l e f i n i c  double  bond a d j a c e n t  
to  a ph e n y l  g rou p ,  o r  o t h e r  compounds capab le  o f  g e n e r a t i n g
io n s  o f  the  type  P h .C H - ,  a re  s u b je c te d  to  Schmidt r e a c t i o n  
c o n d i t i o n s .  T h is  i s  a d i f f e r e n t  type  o f  r e a c t i o n  than  t h a t  
l e a d i n g  to  d i r e c t  a m in a t io n  o f  th e  a ro m a t ic  n u c le u s ,  as t y p i f i e d  
by th e  p r o d u c t io n  o f  a n i l i n e  when h y d r a z o ic  a c i d  i s  decomposed 
i n  th e  presence  o f  benzene and s u lp h u r ic  a c id  [ l ] .  The l a t t e r  
r e a c t i o n  r e q u i r e s  h ig h e r  t e m p e r a t u r e s ,  and i s  b e l i e v e d  t o  p r o ­
ceed th ro u g h  the  NH r a d i c l e .  The r e a c t i o n s  c o n s id e re d  h e re  
a re  b e l i e v e d  to go th ro u g h  a d i f f e r e n t  r o u t e .  Schmidt [ 5 2 ] ,  i n  
a p a t e n t ,  d e s c r ib e s  the  p r o d u c t io n  o f  p _ -a n is id in e  and a -b ro m o -  
p ro p io n a ld e h y d e  from  d ib r o m o a n e t h o le .
A ro m a t ic  amines have been i s o l a t e d  i n  a number o f  cases
+ CH^. 0HoB r . CHO
J 2
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1 , 2 - D ib r o m o ~ l - ( - 3 ,4 ~ d im e t h o x y p h e n y l ) ~ p r o p a n e  l i k e w i s e  
y i e l d e d  3^4—d im e t h o x y a n i l i n e  and a -b r o m o p r o p r io n a ld e h y d e .
MeO MeO
MeO-/'  \ V  CHBr.CHBr.CH — — MeO < /  \>NH0 + CH„. CH„Br. CHO
\  /  3 '— /  2 2 2
O e s t e r l i n  [ 5 3 ]  i s o l a t e d  a n i l i n e  f rom  c innam ic  a c i d ,  
i n  a d d i t i o n  to  o t h e r  p r o d u c t s .  Th is  has been co n f i rm e d  by 
M esley  [ 5 4 ] ,  who a ls o  s u b je c te d  pym ethoxycinnam ic  a c id  and 
m eth y l  c innamate  to  Schmidt r e a c t i o n  o o n ld i t io n s .  From the  
fo rm e r  he o b t a in e d  j ^ - a n i s id i n e  i n  12$  y i e l d ,  and from the  l a t t e r  
a n i l i n e  in  20$  y i e l d .  M a r s i l i  [ 4 2 ]  has r e p o r t e d  the i s o l a t i o n  
o f  p ro d u c ts  from  th e  Schmidt r e a c t i o n  o f  some in d o n e s ,  which  
he b e l i e v e s  a re  due to  a t t a c k  a t  th e  o l e f i n i c  double bond 
(see  pages 4 4  and 4 5 ) *
I t  was th o u g h t  t h a t  a l i k e l y  r o u t e  f o r  th e  f o r m a t i o n  o f  
the se  amines from  the  b e n z y l i d e n e a c e t o n e s , was th ro u g h  th e  
a z id e  formed by the  a d d i t i o n  o f  h y d r a z o ic  a o id  to  the  
double  bond o f  th e  k e to n e .  A c c o r d in g ly  an a t te m p t
was made to  p r e p a r e  th e  a z id e  s f rom  jD-methoxy— and p ^ n i t r o - b e n -  
z y l i d e n e a c e t o n e s .  A m ix t u r e  o f  a l a r g e  excess o f  sodium a z id e  
and p y n i t r o b e n z y l i d e n e a c e t o n e  was a l lo w e d  to  s tand f o r  a week 
i n  a s o l u t i o n  o f  c h lo r o fo r m  and t r i c h l o r o a c e t i c  and a c e t i c  
a c i d s .  A f t e r  the  a d d i t i o n  o f  w a t e r ,  the  c h lo r o fo r m  s o l u t i o n  
y i e l d e d  a s o l i d ,  w h ic h ,  a f t e r  p u r i f i c a t i o n  by chrom atography ,
gave an azide, m.p. 64-65°. This compound still contains a 
carbonyl group, and the i nfra-red spectrum and the carbon, 
hydrogen and n itrogen analysis figures show that the double bond 
of the lcetone has disappeared. This indicates that hydra z o i c  
acid had added as intended to the latter. The azido group, 
by c o nsideration of the electronic effects operating, would he 
e xpected to add to the (3-carbon atom, and the structure
0 2N C H ( N 3 ).CH2 . CO.CH3
is p r o p o s e d  for this azide. On d e c o m p o s i t i on  in sulphuric acid, 
it gave, in good yield, a substance of unknown structure, m.p. 
184.5-185.5°? which analy s e s  c o rrectly for This
compound when subjected to alkaline hydrolysis, y i e l d e d  p^ —  
n i t r o a n i l i n e .
However, a similar attempt to prepare an azide from 
p_~methoxybenzylideneacetone resulted only in the r e c o v e r y  of 
the ketone. Since p^-nitrobenzylideneacetone does not give an 
amine when subjected to Schmidt reaction conditions in poly- 
phosphoric acid while p^-methoxybenzylideneacetone does, and yet 
the former ketone gives an azide, while the latter does not, it 
was thought u n l i k e l y  that the route to the amines was t h rough 
the azide derived from the ben z y l i d e n e ae e t o n e s .
An alternative p a t h  is through attack at the double
bond of the N - m e t h y l c i n n a m a m i d e  by hydrazoic acid. To test 
this N —m e t h y l - p — m e t h o x y c i n n a m a m i d e  was subjected to the same 
standard Schmidt r e a c t i o n  conditions in p o l y p h o s p h o ri c  aoid 
used for p — m e t h o x y b e n z y l i d e n e a c e t o n e , p — Anisidine was o b t a i n e d
of p - a n i s i d i n e  o b t a i n e d  in this reaction, indicates that most, 
if not all, of the p - a n i s i d i n e  isolated d uring the Schmidt 
reaction of p - m e t h o x y b e n z y l i ’d eneacetone is p r o d u c e d  b y  the 
r eaction of N-methyl-'p-methoxycinnamamide with hydrazoic acid. 
On applying the Arcus m e c h a n i s m  to this system,we have
in 65$ and 52$ yield. It is considered that the quantities
MeO
3
H,+
HN
MeO -</ >
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The c a rb o n iu m  i o n  p ro p o s e d  i s  t h e  one t o  be e x p e c t e d ,  
due t o  r e s o n a n c e  s t a b i l i s a t i o n .  I n  th e  p r o t o n a t e d  a z i d e ,  o f  
t h e  t h r e e  g ro u ps  i n  a p o s i t i o n  t o  m i g r a t e ,  th e  p y -a n is y l  i s  th e  
one a b l e  to  p r o v i d e  t h e  g r e a t e s t  e l e c t r o n  r e l e a s e ,  and w o u ld  be 
e x p e c t e d ,  as p r o p o s e d ,  t o  m i g r a t e  p r e f e r e n t i a l l y .
I t  i s  c o n s i d e r e d  t h a t  a n i l i n e  a r i s e s  by  a s i m i l a r  r o u t e  
d u r i n g  t h e  S c hm id t  r e a c t i o n  o f  b e n z y l i d e n e a c e t o n e ,  b o t h  i n  
p o l y p h o s p h o r i c  a c i d ,  and i n  a m i x t u r e  o f  c h l o r o f o r m  and s u l p h u r i c  
a c i d .
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THE BECKMANN REARRANGEMENT OF THE KETOXIMES OF BENZYLIDENE—
ACETONE, ]D-NITRO— AND m-NITRO-BENZYLlDENEACETONES
Because o f  t h e  d i s c r e p a n c i e s  b e tw ee n  t h e  m . p . s  o f  th e  
N - s t y r y l a c e t a m i d e s  o b t a i n e d  i n  t h i s  w ork  d u r i n g  th e  S chm id t  
r e a c t i o n  o f  t h e  b e n z y l i d e n e a c e t o n e s , and t h e  m . p . s  r e p o r t e d  i n  
t h e  l i t e r a t u r e  f o r  t h e s e  compounds, w h ic h  w e re  o b t a i n e d  b y  th e  
Beckmann r e a r r a n g e m e n t  o f  th e  k e to x im e s  d e r i v e d  f r o m  th e  same 
k e t o n e s ,  i t  was d e c i d e d  to  r e p e a t  th e  Beckmann r e a r r a n g e m e n t s .  
Auwers and Von B r i n k  [ 3 7 ]  p e r f o r m e d  th e  Beckmann r e a r r a n g e m e n t  
o f  t h e  s t a b l e  oxime o f  b e n z y l i d e n e a c e t o n e  i n  a m i x t u r e  o f  
ph os p ho ru s  p e n t a c h l o r i d e  and e t h e r ,  and t h e y  o b t a i n e d  N -  
s t y r y l a c e t a m i d e , o f  m .p .  1 0 5 - * 1 0 6 ° ,  i n  u n s p e c i f i e d  y i e l d .  T h e i r
work  has been r e p e a t e d ,  and t h e  same amide was o b t a i n e d  i n  3 1 $  
and 3 7 $  y i e l d ,  b u t  o f  m .p .  1 1 1 - 1 1 2 ° ,  whose s t r u c t u r e  has been  
c o n f i r m e d  as e x p l a i n e d  on page 5 4 .  S in c e  Auwers and Von
B r i n k  o b t a i n e d  some m e t h y la m in e  i n  a d d i t i o n  to  t h e  e x p e c t e d  
p r o d u c t s ,  d u r i n g  a c i d  h y d r o l y s i s ,  i t  i s  p o s s i b l e  t h a t  t h e i r  
sample was c o n t a m i n a t e d  w i t h  N—m e t h y lc i n n a m a m id e .
B e n z y l i d e n e a c e t o n e  a - o x im e  when r e a r r a n g e d  i n  p o l y -  
p h o s p h o r ic  a c i d  a t  c a ,  1 3 0 ° ,  y i e l d e d  2 - p h e n y l n a p h t h a l e n e . The 
o c c u r r e n c e  o f  t h i s  p r o d u o t  can be e x p l a i n e d  as f o l l o w s .  The 
f i r s t  s ta g e  o f  th e  r e a c t i o n  i s  a n o rm a l  Beckmann r e a r r a n g e m e n t
~73~
to g ive  the N—sty ry la c e ta m id e , which then undergoes h y d ro ly s i s
to pheny lace ta ldehyde . The l a t t e r  compound i s  known to r e -
Van Loom [ 5 5 ]  have s u g g e s te d  an a l d o l  t y p e  o f  c o n d e n s a t i o n ,  
f o l l o w e d  by a r i n g  c l o s u r e ,  to  e x p l a i n  th e  l a t t e r  r e a c t i o n , ,
The oxime s o b t a i n e d  f r o m  j r - n i t r o -  and m - n i t r o - b e n z y l i d e n e - -
a c e t o n e s  i n  a l k a l i n e  s o l u t i o n  w ere  s u b j e c t e d  t o  th e  Beckmann 
r e a r r a n g e m e n t  i n  a m i x t u r e  o f  t h i o n y l  c h l o r i d e  and b e n z e n e ,  
and th e  p r o d u o t s ,  a m i x t u r e  o f  th e  unchanged ox im es  and t h e  
N - s t y r y l a c e t a m i d e s , th e  l a t t e r  i d e n t i c a l  to  th o s e  o b t a i n e d  
d u r i n g  t h e  S c h m id t  r e a c t i o n s ,  were  s e p a r a t e d  by  c h r o m a to g r a p h y .
a r r a n g e  to .  2 - p h e i i y l n a p h t h a l e n e  on h e a t i n g  i n  a c i d s .  G a r t e r  and
H
^  \
OH H
THE ATTEMPTED SCHMIDT REACTION OF SOME ALIPHATIC  
ag~UNSATURATEP KETONES
I n t r o d u c t i o n
No p u r e l y  a l i p h a t i c  a p - u n s a t u r a t e d  k e t o n e s . h a v e  been  
s u b j e c t e d  t o . t h e  S c h m id t  r e a c t i o n .  F o l l o w i n g  th e  w ork  c a r r i e d  
o u t  on t h e  h e n z y l i d e n e a c e t o n e s , i t  was d e c i d e d  t o  e x t e n d  t h e  
work  t o  i n c l u d e  a number o f  a l i p h a t i c  a p - u n s a t u r a t e d  k e t o n e s  
w i t h  v a r y i n g  s t e r i c  e n v i r o n m e n t  i n  t h e  n e ig h b o u rh o o d  o f  th e  
c a r b o n y l  g rou p*  A c c o r d i n g l y  m e t h y l  v i n y l  k e t o n e ,  m e t h y l  
i s o p r o p e n y l  k e t o n e  and m e s i t y l  o x id e  w ere  s u b j e c t e d  to  th e  con­
d i t i o n s  o f  t h e  S c h m id t  r e a c t i o n  i n  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d .  '
THE BEHAVIOUR OF METHYL V IN Y L  KETONE, METHYL 
isoPROPENYL KETONE AND MESITYL OXIDE WHEN SUBJECTED TO
SCHMIDT REACTION CONDITIONS IN  HYDROCHLORIC ACID
These r e a c t i o n s  w ere  p e r f o r m e d  h y  a d d in g  sodium a z i d e  
i n  p o r t i o n s  d u r i n g  1 h o u r  t o  a s t i r r e d  s o l u t i o n  o f  th e  k e t o n e  
i n  h y d r o c h l o r i c  a c i d  a t  2 0 ° .  The s t i r r i n g  was c o n t i n u e d  u n t i l  
t h e  e v o l u t i o n  o f  gas had ce ase d  ( t o t a l  r e a c t i o n  t i m e s  a r e  g i v e n  
i n  T a b le  7 ? page 9 3 ) ?  when t h e  r e a c t i o n  m i x t u r e  was p o u re d
i n t o  w a t e r .  The aqueous s o l u t i o n  was e x t r a c t e d  w i t h  c h l o r o f o r m ,
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t h e  e x t r a c t s  w e re  washed w i t h  aqueous sodium hy dro g en  c a r b o n a t e ,  
and t h e  s o l v e n t  was d i s t i l l e d  o f f ,  t o  y i e l d  t h e  " n e u t r a l  
f r a c t i o n " .  The aqueous r e s i d u e s  were  t h e n  d i s t i l l e d  u n t i l  t h e  
d i s t i l l a t e  no l o n g e r  gave a p r e c i p i t a t e  w i t h  B r a d y ’ s r e a g e n t  
( d i s t i l l a t e  d e n o te d  by  c a r b o n y l  f r a c t i o n  I ) .  The d i s t i l l a t i o n  
r e s i d u e s  w ere  t h e n  made a l k a l i n e  w i t h  sodium h y d r o x i d e ,  and  
d i s t i l l e d  i n t o  h y d r o c h l o r i c  a c i d  u n t i l  p o r t i o n s  o f  t h e  d i s t i l l a t e  
w ere  no l o n g e r  a l k a l i n e .  The h y d r o c h l o r i c  a c i d  s o l u t i o n  was 
t h e n  d i s t i l l e d ;  i f  t h e  f i r s t  p o r t i o n  o f  t h e  d i s t i l l a t e  con­
t a i n e d  c a r b o n y l  compounds i t  was c o l l e c t e d  ( c a r b o n y l  f r a c t i o n  I I '  
F i n a l l y  th e  l a s t  o f  t h e  a c i d  d i s t i l l a t i o n  r e s i d u e  was e v a p o r a t e d  
to  d r y n e s s ,  to  y i e l d  a s t i c k y  b a s e - h y d r o c h l o r i d e . The p r o ­
d u c t s  o f  t h e s e  r e a c t i o n s  a r e  g i v e n  i n  T a b le  7 * page 9 3 .
The R e a c t i o n  o f  M e t h y l  V i n y l  K e to ne
The n e u t r a l  f r a c t i o n  y i e l d e d  o n l y  a s m a l l  q u a n t i t y  o f  
an i n t r a c t a b l e  o i l .  D i a c e t y l ,  i d e n t i f i e d  by  t h e  p r e p a r a t i o n  
o f  i t s  b i s - 2 , 4 ~ d i n i t r o p h e n y l h y d r a z o n e  and i t s  d i o x i m e , was ob­
t a i n e d  i n  s m a l l  y i e l d  f r o m  c a r b o n y l  f r a c t i o n  I .  The b a s e -  
hy dro  c h l o r i d e  was i d e n t i f i e d  as ammonium c h l o r i d e .
The R e a c t i o n  o f  M e t h y l  i s o P r o p e n y l  K e to ne
The n e u t r a l  f r a c t i o n  gave an i n t r a c t a b l e  o i l ,  and th e  
c a r b o n y l  f r a c t i o n  I I  y i e l d e d  o n l y  a s m a l l  amount o f  an o ra n g e
2 , 4 - f l i n i t r o p h e n y l h y d r a z o n e , i d e n t i f i e d  as b e i n g  t h a t  o f  m e t h y l
The R e a o t i o n  o f  M e s i t y l  O x ide
The n e u t r a l  f r a c t i o n  f ro m  t h i s  r e a c t i o n ,  y i e l d e d ,  f o l l o w i n  
c h ro m a to g ra p h y  on an a lu m i n a  co lum n,  a t r a c e  o f  m a t e r i a l  a n a l y s ­
i n g  c o r r e c t l y  f o r  C ^ H ^ C IN O ,  m .p .  9 5 - 9 6 ° .  T h i s  s o l i d  was n o t  
f u r t h e r  c h a r a c t e r i s e d .  A c e to n e  was i s o l a t e d  f ro m  c a r b o n y l  
f r a c t i o n s  I  and I I  as i t s  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e , and th e  
b a s e ~ h y d r o c h l o r i d e  was fo u n d  t o  c o n t a i n  a m i x t u r e  o f  ammonium 
c h l o r i d e  and m e th y la m in e  h y d r o c h l o r i d e ,  s e p a r a t e d  and i d e n t i f i e d  
b y  c o n v e r s i o n  t o  t h e  c o r r e s p o n d i n g  b e n z o a t e s ,  th e  s e p a r a t i o n  
b e i n g  p e r f o r m e d  by c h r o m a to g r a p h y  on a l u m i n a .
A Summary o f  t h e  R e a c t i o n s  i n  H y d r o c h l o r i c  A c id
These r e a c t i o n s  were  c h a r a c t e r i s e d  by  t h e  v e r y  s m a l l  
amount o f  m a t e r i a l  r e c o v e r e d  f r o m  them . The p r o d u c t s  w h ic h  
w ere  o b t a i n e d  w ere  n o t  o f  t h e  k i n d  e x p e c t e d  f r o m  a n o rm a l  
k e t o n i c  S c h m id t  r e a c t i o n .  I t  f o l l o w s  t h a t  t h e  o b j e c t s  o f  t h i s  
p a r t i c u l a r  s e r i e s  o f  r e a c t i o n s ,  t h e  s tu d y  o f  p r o d u c t  v a r i a t i o n  
w i t h  c h a n g in g  s t e r i c  e n v i r o n m e n t  i n  th e  n e ig h b o u rh o o d  o f  th e  
c a r b o n y l  g r o u p ,  c o u l d  n o t  be f u l f i l l e d .
The f o l l o w i n g  s e c t i o n  i s  d e v o t e d  t o  an a t t e m p t  t o  d i s ­
c o v e r  i f  any o f  t h e  r e a c t i o n  p r o d u c t s  h e r e  e n c o u n t e r e d  a r o s e  
by a t t a c k  o f  h y d r a z o i c  a c i d  a t  t h e  o l e f i n i c  b o n d .
e th y l  ketone. Ammonium c h lo r id e  was the on ly  b a se -h y d ro c h lo r id e
found.
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THE PREPARATION AND DECOMPOSIT ION OF THE A2IDES DERIVED 
FROM METHYL V IN YL KETONE. METHYL isoPROPENYL KETONE'
AND MESITYL OXIDE
I n t r o d u c t i o n
Boyer  [ 5 6 ] has r e p o r t e d  t h e  a d d i t i o n  o f  h y d r a z o i c  a c i d  to  
a number o f  a(3-un s a t u r a t e d  compounds o f  th e  t y p e  R ,C O . CH: CR’ R " , 
t o  g i v e  th e  a z i d e s  R .  CO.CHg . C (N 3 ) R f R !t, where  R* and R” a r e  a l k y l  
o r  h y d r o g e n , and R = H, A l k y l ,  OH, OCH^ and o t h e r s .  M e s i t y l  
o x i d e  was one o f  th e  compounds s u c c e s s f u l l y  t r e a t e d  i n  t h i s  w ay .  
He assumed t h a t  t h e  a z i d o  group had added t o  t h e  (3-carbon a tom .  
A l l  o f  th e s e  a z i d e s  decomposed i n  s u l p h u r i c  a c i d  be tw e e n  0 °  and 
6 0 ° ,  b u t  u n f o r t u n a t e l y  th e  d e c o m p o s i t io n  p r o d u c t s  w ere  n o t  i n ­
v e s t i g a t e d ,  Edwards and Purushotham an [ 5 7 ]  decomposed 2 -  
a z i d o c y c l o h e x a n o n e  i n  s u l p h u r i c  a c i d  to  g i v e  c y c l o h e x a n - 1 , 2 — 
d i o n e , t h i s  b e i n g  th e  o n l y  r e p o r t e d  case o f  t h e  a c i d - c a t a l y s e d  
d e c o m p o s i t io n  o f  an a - a z i d o k e t o n e , a l t h o u g h  Boyer  e t  a l i a  [ 5 8 ]  
have  fo u n d  t h a t  th e  p h e n a c y l  a z i d e s ,  P h .C O . C(N^ )R*Rn , u n d e rw e n t  
t h e r m a l  d e c o m p o s i t io n  t o  g i v e  i m i n e s ,  and t h a t  th e  c o m p a r a t i v e  
m i g r a t i o n  a p t i t u d e s  o f  R* and R ” were as i n  t h e  s e r i e s  
Ph H Me,
The P r e p a r a t i o n  o f  th e  A z i d e s
These a z i d e s  w ere  p r e p a r e d  by t h e  a d d i t i o n  o f  e i t h e r  an 
e x c e s s  o f  aqueous sodium a z i d e  t o  a s o l u t i o n  o f  th e  k e t o n e  i n
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a c e t i c  a c i d ,  o r ,  as w i t h  m e s i t y l  o x i d e ,  an ex c e s s  o f  s o l i d  sodium  
a z i d e  t o  a s o l u t i o n  o f  th e  k e t o n e  i n  a m i x t u r e  o f  c h l o r o f o r m ,  
t r i c h l o r o a c e t i c  a c i d  and a c e t i c  a c i d .  The a z i d e s  w ere  i s o l a t e d  
by e x t r a c t i o n  e i t h e r  w i t h  e t h e r  o r ,  as i n  t h e  case o f  m e s i t y l  
o x i d e ,  w i t h  c h l o r o f o r m .  They  w ere  n o t  d i s t i l l e d  b e c au se  o f  t h e  
p o s s i b l e  h a z a r d s  i n v o l v e d .  A l l  t h e  a z i d e s  gave s t a b l e  s e m i -  
c a rb a z o n e  d e r i v a t i v e s .  The y i e l d s  o f  th e  a z i d e s  ar© g i v e n  i n  
T a b l e  8 ,  page 94 .
The a n a l y s i s  f i g u r e s  o f  t h e  s e m ic a r b a z o n e s  i n d i c a t e d  t h a t  
an i n c r e a s e  o f  H ty  had t a k e n  p l a c e  compared to  th e  s e m ic a r b a z o n e s  
o f  t h e  u n s a t u r a t e d  k e t o n e s ,  and t h e i r  i n f r a - r e d  s p e c t r a  showed 
pe ak s  a t t r i b u t a b l e  t o  th e  a z i d o  g r o u p ,  and t h e  absence o f  pe ak s  
c h a r a c t e r i s t i c  o f  t h e  o l e f i n i c  d o u b le  b o n d .  Hence HN_ must have  
added a c r o s s  t h e  l a t t e r  bo nd .  The a z i d o  group c o u ld  be i n  
e i t h e r  t h e  a -  o r  t h e  ( 3 - p o s i t i o n .  B oy er  [56.] has assumed t h a t  
t h e  a z i d o  group i s  i n  t h e  (3— p o s i t i o n  i n  t h e  a z i d e s  w h ic h  he p r e ­
p a r e d  by a s i m i l a r  m e th o d .  T h i s  i s  r e a s o n a b l e  i n  v i e w  o f  th e  
e l e c t r o n i c  i n f l u e n c e s  a c t i n g .  Fo r  t h e  a z i d e  p r e p a r e d  f ro m  
m e t h y l  v i n y l  k e t o n e ,  t h e  a z i d o  group i s  i n  t h e  (3-po s i t i o n , a s 
shown b e lo w .
B oth  1 — and 2—a z i d o b u t a n - 3 - o n e s w ere  s y n t h e s i s e d  f r o m  1 -  
and 2 - c h l o r o b u t a n - 3 - o n e  s , by  a l l o w i n g  t h e s e  h a lo lc e to n e s  t o  r e a c t  
w i t h  sodium a z i d e  i n  aqueous a c e t i c  a c i d .  The s e m ic a rb a z o n e s  
o f  t h e s e  a z i d o k e t o n e s  were  p r e p a r e d ,  and t h a t  o f  t h e  2 - a z i d o k e t o n
d e p r e s s e d  t h e  m .p .  o f  t h e  a z i d e  p r e p a r e d  f r o m  m e t h y l  v i n y l  
k e t o n e ,  w h i l e  t h a t  f r o m  t h e  1 - a z i d o k e t o n e  d i d  n o t .  Thus t h e  
a z i d e  f r o m  m e t h y l  v i n y l  k e t o n e  i s  l - a z i d o h u t a n - 3 i”One, A 
s i m i l a r  s t r u c t u r e  i s  assumed f o r  th e  o t h e r  a z i d o k e t o n e s .
The A c i d —C a t a l y s e d  D e c o m p o s i t io n  o f  th e  A z id e s
The f r e s h l y  p r e p a r e d  a z i d e s  w ere  decomposed by  a d d in g  
them d r o p w is e  t o  s u l p h u r i c  a c i d ,  o f  th e  s t r e n g t h  shown i n  
T a b le  8 , page 94  > w i t h  s t i r r i n g .  The s t i r r i n g  was c o n t i n u e d
u n t i l  t h e  e v o l u t i o n  o f  gas had c e a s e d ,  when t h e  m i x t u r e  was 
p o u re d  i n t o  w a t e r .  E x c e p t  t h a t  th e  s o l u t i o n  was n o t  c h l o r o f o r m  
e x t r a c t e d ,  t h e  r e a c t i o n  m i x t u r e  was w o rked  up as i n  t h e  ca se  
o f  th e  r e a c t i o n  o f  t h e  k e t o n e s  w i t h  h y d r a z o i c  a c i d  i n  h y d r o c h l o ­
r i c  a c i d .
I n  a d d i t i o n ,  1 —a z i d o b u t a n - 3 ~ o t t e was decomposed i n  co n ­
c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  u s i n g  th e  same t e c h n i q u e .  However  
a f t e r  t h e  b a s i c  f r a c t i o n  had been rem oved b y  d i s t i l l a t i o n ,  th e  
d i s t i l l a t i o n  r e s i d u e s  w ere  b e n z o y l a t e d ,  and f r o m  th e  o i l y  
p r o d u c t  a t r a c e  o f  t h e  d i b e n z o a t e  o f  e t h y l e n e d i a m i n e  was 
i s o l a t e d .  The p r o d u c t s  o f  t h e s e  a z i d e  d e c o m p o s i t i o n s  a r e  shown 
i n  T a b le  8 ,  page 9 4 .
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A POSSIBLE MECHANISM FOR THE DECOMPOSITION 
OF 1 —A ZIPOBUTAN—3—ONE
D i a o e t y l  and ammonia were o b t a i n e d  b o t h  f r o m  th e  
r e a c t i o n  o f  m e t h y l  v i n y l  k e t o n e  w i t h  h y d r a z o i c  a c i d ,  and f r o m  
t h e  a c i d - c a t a l y s e d  d e c o m p o s i t io n  o f  l - a z i d o b u t a n - 3 - o n e .  Thus  
i t  i s  l i k e l y  t h a t  l - a z i d o b u t a n - 3 ~ o n e  i s  an i n t e r m e d i a t e  i n  th e  
f o r m e r  r e a c t i o n .  D i a c e t y l  and ammonia a r e  among t h e  e x p e c t e d  
d e c o m p o s i t i o n  p r o d u c t s  o f  2 - a z i d o b u t a n ~ 3 - o n e •
N ,  ©NH
r  H® II h 2°  ©
C H _  . C . COo C H -   : . Yy  C H ^ . C . C O . C H *  C H . , . C O .  C O . C H -  +  NH,
3 |  3 ■" 3 3 3 3 4
H
b u t  i t  i s  h a r d  t o  e x p l a i n  t h e  f o r m a t i o n  o f  t h e s e  p r o d u c t s  f ro m  
1 - a z i d o b u t a n ~ 3 —one by t h e  c u r r e n t l y  a c c e p t e d  mechanisms f o r  
a c i d - c a t a l y s e d  a z i d e  d e c o m p o s i t i o n .  The e q u a t i o n  b e lo w  shows
t h e  e x p e c t e d  r o u t e  f o r  th e  d e c o m p o s i t io n  o f  t h i s  compound,
H ® ® H O
N ^ . C H g . C H g . C O . C H j  N H 2 : C H . C H 2 . C O . C H 3 1 ^  O C H . C H g . C O . C H^
+  NH.  ®4
o r ,  a l e s s  l i k e l y  r o u t e ,  i n v o l v i n g  m i g r a t i o n  o f  an e l e c t r o n  
w i t h d r a w i n g  group i s
© © © 
N 3 . C H 2 . C H 2 . C O . C H 5 C H2 : N H . C H 2 . C O „ C H 3 5 ^ 4 ,  H j N . C H g . C O . C H j
+ HCHO
A SUMMARY OF THE REACTIONS OF THE ALIPHATIC KETONES.
The mechanism suggested  below g iv e s  a route  to the
observed  p roducts .
H H
C H , . CO -  C -  C -  H
3  i - n i
H Nh
W  ©H 2
C H , . CO. CO. CH, 3 3
+ NH
4
h 2 o
( 1 2 )
V
C H , . CO -  C -  CH,
3 i 3
N
t a  \
H © H
( h i )
A f t e r  r e l e a s e  o f  n i t r o g e n  f ro m  t h e  p r o t o n  a d d u c t  o f  
t h e  a z i d e  ( l ) ,  r i n g  c l o s u r e ,  t o g e t h e r  w i t h  m i g r a t i o n  o f  h y d ro g e n  
f r o m  Cg t o  n i t r o g e n ,  t a k e s  p l a c e .  The e l e c t r o n  p a i r  o r i g i n ­
a l l y  f o r m i n g  th e  Cg -  H bond th e n  fo rm s  th e  Cg -  N bond o f  t h e  
p r o t o n a t e d  2 - a c e t y l e t h y l e n e i m i n e  ( l l ) .  T h i s  r e a r r a n g e s  w i t h
m i g r a t i o n  o f  h y d r o g e n ,  w i t h  i t s  e l e c t r o n  p a i r ,  f r o m  Cg t o  C ,
2  1
and t r a n s f e r  o f  t h e  e l e c t r o n  p a i r  o f  t h e  t y  -  N bond t o  f o r m  
p a r t  o f  t h e  Cg = N bo n d ,  r e s u l t i n g  i n  t h e  p r o t o n a t e d  k e t i m i n e  
( i l l ) ,  w h ic h  t h e n  h y d r o l y s e s  t o  g i v e  ammonia and d i a c e t y l ,  th e  
o b s e r v e d  p r o d u c t s .
The f i r s t  s ta g e  o f  th e  r e a c t i o n  i s  i l l u s t r a t e d  b e t t e r
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by w r i t i n g  i t  as b e l o w ,  w i t h  ( l )  i n  th e  h y d ro g e n  bonded fo rm  
shown
/
jC
/
, \
H /
( c l
1
\  1
—  N
GH,   CH, /
\ 3 a /  I \ 3 \  i
C
/ • N
C —   \c c ------- c
/ b / \ i
o -  H — — -  0 ----------- H — —  3jk
A r e a r r a n g e m e n t  l i k e  t h a t  p ro p o s e d  f o r  t h e  second  
s ta g e  o f  t h e  mechanism i s  known among t h e  s t y r e n e  o x i d e s ,  when 
t h e s e  a r e  h e a t e d  i n  t h e  p r e s e n c e  o f  a c a t a l y s t ,  o r ,  as i n  t h e  
l e s s  w e l l  i n v e s t i g a t e d  c a s e s ,  when t h e y  a r e  r e a r r a n g e d  i n  a c i d s  
F o r  e x a m p le ,  A l g a r  and McKenna [ 5 9 ]  have r e a r r a n g e d  b e n z o y l  
s t y r e n e  o x i d e  to  2 , 4 - ^ i p h e n y l p r o p a n - l , 3 - ta io ne  I n  aqueous  
s u l p h u r i c  a c i d .
H Ph Ph
t
I
Ph. CO• - C - H  Ph. CO,CH.CHO
\ - y
o
The o n l y  case o f  a s i m i l a r  r e a r r a n g e m e n t  o f  an 
a z i r i d i n e  d e r i v a t i v e  has  been  r e p o r t e d  by D e u ts c h  and F a n t a  
[ 6 0 ] ,  who i s o l a t e d  i s o b u t r a l d e h y d e  and t h i o u r e a ,  t o g e t h e r  w i t h  
some 2—a n i l i n o - 5  * 5 “ ^ i n i e t h y l - 2 - t h i a z o l i n e  , w h i l e  h e a t i n g  
2 , 2 - d i m e t h y l - l - ( N - p h e n y l t h i o c a r b a m y l ) a z i r i d i n e  i n  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d .
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CH, CH, S
‘3 fa  3 \
C  C H , ------------- fa. CH.CHO + P h .N H .C .N H ,
rt-"' \  /  3 /  2
CH, \  /  CH,
3 N 3
I
S = C .N H .Ph  CH,
I 3
CH, -  C -  CH,
3 i I 2
+ S N
\  -V c
i
NH.PH
M a r s i l i  ( s e e  page 4 4  ) has p ro p o s e d  a mechanism f o r  
an a z i d e  d e c o m p o s i t io n  i n v o l v i n g  t h e  f o r m a t i o n  aud r e a r r a n g e m e n t  
o f  an a z i r i d i n e  r i n g .  H o w e ve r ,  t h e  c o u rs e  o f  r e a r r a n g e m e n t  
i n  t h i s  case i s  d i f f e r e n t ,  as i t  i n v o l v e s  t h e  b r e a k a g e  o f  a 
C — C bond i n s t e a d  o f  a C -  N bo nd .
The p o s i t i o n  w i t h  r e g a r d  t o  m e t h y l  is o jp r o p e n y l  k e t o n e  
and m e s i t y l  o x id e  i s  n o t  c l e a r .  Ammonia was i s o l a t e d  f r o m  
t h e  f o r m e r  k e to n e  d u r i n g  b o t h  th e  a t t e m p t e d  S chm id t  r e a c t i o n  and 
t h e  d e c o m p o s i t io n  o f  t h e  a z i d e  d e r i v e d  f r o m  i t ,  w h i l e  m e t h y l  
e t h y l  k e t o n e  was o b t a i n e d  i n  s m a l l  y i e l d  d u r i n g  t h e  l a t t e r  
r e a c t i o n .  Ammonia c o u ld  a r i s e  f r o m  t h i s  k e to n e  by  t h r e e  r o u t e s
( i )  Th rough  t h e  p r o t o n a t e d  a z i d e ,  w h ic h  decomposes  
w i t h  m i g r a t i o n  o f  hy dro g en  b y  t h e  c u r r e n t l y  a c c e p t e d  m echanism s.  
HNH -  N ®r  j in 11 — r
! “ ® H„0
H -  C H .C H .C O .C H ,  ... x H„N: CH.CH.CO .CH,   4 .  OHC . CH. CO. CH, + NH, '
I 3 i 5 " I 3 A
CH, CH, CH,
j  3 3
CH- H CH_
3 . , 3
( i i )  By the decomposit ion o f  the p rotonated  az ide
through a rou te  s im i la r  to that proposed f o r  1—az idobutan—3-one
CH9 -  C.CO.CH — ----- ^  H -  C -  C .C O .C H ,^ ------------>  CH - . CH0 . C . CO, CH,
I  ! *  \  / 3  3  2  |l 0  3
NH H N w
l - v  /  \
H 6 H  h 2 o
n h 2
\f
NH. + CH,„CHo . C 0 0C 0 .C H ,
4  3 2  3
( i i i )  By t h e  Schm id t  r e a c t i o n  o f  t h e  k e t o n e  t o  y i e l d  
t h e  a ~ m e t h y l v i n y l a c e t a m i d e , w h ic h  t h e n  h y d r o l y s e s  to  y i e l d
ammonia i n  a d d i t i o n  t o  t h e  o t h e r  p r o d u c t s .
CH, CH_ CH-
3 . 3  , 3
HN
CH 2 : C H . C 0 . C H 3  ■? - >  C H 2 : C . N H . C O . C H 3  C H ^ C O  + C H ^ C O . N H g
TT _  Ho0
CH3 *CO.NH2 ______ 2, . 3 CH3 ,C 0 2H + NH3
S in c e  ammonia i s  p ro d u c e d  f ro m  th e  a z i d e  as w e l l  as 
hy  t h e  Schm id t  r e a c t i o n ,  t h e  r o u t e  ( i i i )  i s  u n l i k e l y ,  and s in c e  
t h e  d i o n e s  p ro d u c e d  h y  r o u t e s  ( i )  and ( i i )  w ere  n o t  i s o l a t e d ,  
i t  i s  n o t  p o s s i b l e  to  p ro p o s e  e i t h e r  o f  t h e s e  r o u t e s  as th e  
source  o f  ammonia.
M e t h y la m in e  and ammonia were i s o l a t e d  a f t e r  t h e  a t t e m p t ­
ed S chm id t  r e a c t i o n  o f  m e s i t y l  o x i d e ,  and a f t e r  th e  d e c o m p o s i t io n  
o f  t h e  a z i d e  p r e p a r e d  f r o m  th e  same k e t o n e ,  and a s m a l l  q u a n t i t y
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o f  a c e to n e  was a l s o  p ro d u c e d  d u r i n g  t h e  f o r m e r  r e a c t i o n .  The 
p r o d u c t i o n  o f  th e  b a s es  may be e x p l a i n e d  by a v a r i e t y  o f  r o u t e s ,  
i n c l u d i n g  th e  f o l l o w i n g  :
( i )  (3, p ~ d i m e t h y l v i n y l a c e t a m i d e  and N - m e t h y l —j3, p - d i — 
m e t h y l a c r y l a m i d e  a r e  t h e  p o s s i b l e  p r o d u c t s  f r o m  th e  n o rm a l  
S chm id t  r e a c t i o n  o f  t h i s  k e t o n e ,  and ammonia and m e t h y la m in e  
a r e  among t h e  h y d r o l y s i s  p r o d u c t s  o f  t h e s e  a m id e s .
HN,
( C H , ) , C : C H . C O . C H ,  b  ( C H , ) „ C : C H . N H . C O . CH,  + ( C H , ) , C : C H . C O . N H . C H ,
3 < 3 3 2 3 3 2 3
2 H  0 
( C H , )  C ; C H . N H ,  C O .  CH. . — ( C H , ) o C H . C H 0  + C H * . C 0 o H +  N H ,
3 2  3 3 2  3 2 3
H„0
( C H 3 ) 2 C : C H . C O . N H . C H 3 - V  ( CH3 ) g C : C H . C 0 2 H +  C H j . N H g
( i i )  By t h e  d e c o m p o s i t io n  o f  t h e  p r o t o n a t e d  a z i d e  v i a  
t h e  a c c e p t e d  mechanisms f o r  th e s e  d e c o m p o s i t i o n s ,  w i t h  m i g r a ­
t i o n  o f  a m e t h y l  g r o u p ,
ANH - N g  ® N H C H 3
* H„0
CH, X C . C H , . CO. CH,——+ C H , . C. C H , . CO. CH, - = • *  C H , . CO. C H , . CO. CH,  
J  j *  ✓ 3 2  3 f) 2
CH, + C H , .N H ,®
3 3 3
( i i i )  By th e  d e c o m p o s i t io n  o f  th e  a z i d e  t h r o u g h  a 
r o u t e  s i m i l a r  t o  t h a t  p ro p o s e d  f o r  th e  d e c o m p o s i t i o n  o f
1 —a z i d o b u t a n - 3 - o n e .
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I h - k ,  
| .  V 2
_  hCH, -  G CH -  CO. CH,
3 t V, ■ 3
H © H
/
N
/  \
CH_- C -  C .C O .C I i ,  
3 i t 3
CH^  H CH,
3
i
H
i
H H
i
nS2 ^ /ft Ho0 I1 i!i 1
CH, -  C.CO.CO.CH, + NH, w3 3 4 
i
( —  CH,- C -3 14
C -
I
CH-
\
CH,
3
CO e CH
S in c e  none o f  th e  d e c o m p o s i t io n  p r o d u c t s  o f  r o u t e s
( i )  -  ( i i i ) ,  a p a r t  f r o m  ammonia and m e t h y l a m i n e , w ere  i s o l a t e d  
i t  i s  n o t  p o s s i b l e  to  d i s t i n g u i s h  be tw e e n  th e m ,  o r  to  s t a t e  
i f  any o f  them w ere  i n  f a c t  i n v o l v e d .
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The S chm id t  R e a c t i o n  o f  some B e n z y l i d e n e -  
a c e t o n e s  i n  C o n c e n t r a t e d  H y d r o c h l o r i c  A c id
TABLE 2
K etone R e a c t i o n  
t i m e  ( h r ;  )
; % y i e l d  o f  t h e  
Y /e ig h t  o f |
s o l i d  ( g . ) ; N -m e th y lc in n a m a m id e
B e n z y l i d e n e a c e t o n e 24
1 . 9 2  0 . 3 5  
1 . 8 6  0 . 3 5
71
69
j r - M e t h o x y b e n z y l i d e n e -
a c e to n e
4
2 . 7 8  0 . 2 7  
2 . 4 7  0 . 7 6
80
84
p - N i t r o b e n z y l i d e n e -
a c e to n e
24
1 . 7 0  -  
1 . 7 3  -
81
82
m ~ N i t r o b e n z y l i d e n e —
a c e to n e
9
1 . 7 1  ~
1 . 7 1  -
81
81
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The m . p . s  , and t h e  S o l v e n t s  f o r  r e o r y s t a l l i s a t i o n  
o f  some N - M e t h y lo in n a m a m id e s
} *
N -M e th y lc in n a m a m id e S o l v e n t  f o r  r e o r y s t a l l i s a t i o n m .p .  ;i
U n s u b s t i t u t e d
A c e t o n e - l i g h t
p e t r o l e u m
!
1 1 1 - 1 1 2 ° ( a )  1
p_-Methoxy— Benzene 1 2 9 - 1 3 0 ° ( b )
p ^ N i t r o  —
X y l e n e ,  th e n  
aqueous e t h a n o l
2 1 6 - 2 1 7 . 5 ° ( o )
m - N i t r o -
X y l e n e ,  t h e n  
aqueous e t h a n o l  
1 9 3 - 1 9 4 °
( a )  S m ith  and H o r w i t z  [ 9 ]  r e p o r t  m .p .  1 1 1 - 1 1 2 ° .
( b )  C o r b e t t  and Davey  [3-8] r e p o r t  m .p .  2 0 4 - 2 0 5 ° «
( c )  C o r b e t t  and D avey  [ 3 8 ] r e p o r t  m .p .  l 6 4 ° »
“ 90-
TABLE 4mi .‘-n- an
The A n a l y s i s  F i g u r e s  f o r  t h e  N - M e t h y lc in n a m a m id e s
■ — —  — 1 
N -M e th y lc in n a m a m id e
Found C a l o .  o r  r e q u i r e d
C H N C H N
Unsub s t i t u t e d 7 4 . 1 5 7 . 2 8 . 5 7 4 . 5 6 . 9
1
8 . 7  1i1
j r - M e t h o x y -
■
6 9 . 9 6 . 9 7 . 3
m i
6 9 . 1 6 . 8 5
1
7 . 3 5  i!
p y N i t r o - 5 7 . 8 5 4 . 6 5 1 3 + 5 5 8 . 2 5 k . 9 1 3 . 6  j
m - N i t r o 5 8 . 5 5 . 1 5 1 3 . 8 5 5 8 . 2 5
I .  .... .
k . 9 1 3 . 6
- 9 1 -
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TABLE 6
The Beckmann R e a r r a n g e m e n ts  o f  t h e  a —Oximes o f  
B e n z y l i d e n e a c e t o n e ,  £ - N i t r o -  and m - N i t r o - b e n z y l i d e n e a c e t o n e s
1
Oxime o f C o n d i t i o n s % ox ime  r e c o v e r e d
$  Y i e l d  o f  t h e  
N - s t y r y l a c e t a m i d e
B e n z y l i d e n e a c e t o n e
PCI j . / e t h e r
5
a t  0 °  f o r
—
31
1 h o u r — 37
R - N i t r o -
b e n z y l i d e n e a c e t o n e
S0C12 i n  
be n z e n e  f o r  
18 h o u rs  a t  
R. T ,
54
4 4
40
19
m - N i t r o - S0CL2 i n 26 41
b e n z y l i d e n e a c e t o n e b e n z e n e  f o r
18 h o u r s  a t
29 47
R 0Tft
-*■93-
TABLE 7
The R e a c t i o n  o f  M e t h y l  V i n y l  K e t o n e ,  M e t h y l  
ig jo P ro p e n y l  K e to ne  and M e s i t y l  O x id e  w i t h  H y d r a z o i c  A c id  
i n  C o n c e n t r a t e d  H y d r o c h l o r i c  A c id
r
ICetone R e a c t i o n  
t i m e  ( h r s . )
P r o d u c t s  i s o l a t e d
M e t h y l  v i n y l  k e t o n e 24 D i a c e t y l  ( ( i )  8 ,  ( i i )  7 $ )  
Ammonia ( ( i )  1 9 ,  ( i i )  1 8 $ )
M e t h y l  i s o p r o p a n y 1 
k e t o n e
6 M e t h y l  e t h y l  k e t o n e
( ( i ) , ( i i )  1 $ )
Ammonia ( ( i ) ,  ( i i )  1 6 $ )
M e s i t y l  o x i d e 24 A c e to n e  ( ( i ) ,  ( i i )  1 $ )
Ammonia ( ( i )  1 8 ,  ( i i )  1 6 $ )
M e t h y la m in e  ( ( i ) ,  ( i i )  2 5 $ )
A s u b s ta n c e  m .p .  9 5 - 9 6 °
( a  t r a c e  o n l y )
- 9 4 -
TABLE 8
The D e c o m p o s i t io n  o f  t h e  A z id e s  d e r i v e d  f r o m  M e t h y l  
V i n y l  K e t o n e ,  M e t h y l  i s o P r o p e n y l  K e to ne  and M e s i t y l
O x ide  i n  A c id s
A z id e  f ro m % Y i e l d  
o f  a z i d e
A c id
Tamp,
°c
7
P r o d u c t s  i s o l a t e d
M e t h y l  v i n y l 71 c . H C l 20 D i a c e t y l  ( ( i )  5 6 ,  ( i i )  64$ )
k e t o n e 62 Ammonia ( ( i )  6 l , ( i i )  6 4 $ )
E t h y l e n e d i a m i n e  ( ( i ) ,  ( i i )  
l e s s  t h a n  1 $ )
i
M e t h y l  v i n y l 71 c a . 60$ 0 D i a c e t y l  ( ( i )  2 7 ,  ( i i )  2 8 $ )
k e to n e 62 HoS0, 
2 4 Ammonia ( ( i )  5 2 ,  ( i i )  4 8 $ )
M e t h y l  i s o r 57 o a . 60$ 0 Ammonia ( ( i )  2 9 ,  ( i i )  3 0 $ )
p r o p e n y l  k e t o n e 56
H2 S04
M e s i t y l  O x ide 61
61
80% 0
(
Ammonia ( ( i )  7 ,  ( i i )  5 $ )
M e th y 1 a m in e ( ( i ) 4 9 , ( i i ) 4 0 $ )
A 2 , 4 - d i n i t r o p h e n y l h y d r a -
zone o f  m . p . 1 2 1 —1 2 2 ° .
( t r a c e  o n l y )
95-
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THE EXPERIMENTAL SECTION
A l l  m . p . s  a r e  c o r r e c t e d .  Where d u p l i c a t e  e x p e r i m e n t s  
w ere  p e r f o r m e d ,  th e  r e s u l t s  o f  each e x p e r i m e n t  a r e  d i s t i n g u i s h e d !  
by t h e  p r e f i x e s  ( i )  and ( i i ) .  M e t h y l  v i n y l  k e t o n e ,  m e t h y l  
i s o p r o p e n y l  k e t o n e  and m e s i t y l  o x id e  w ere  r e d i s t i l l e d  b e f o r e  use  
The p o l y p h o s p h o r i c  a c i d  (P^O^ c o n t e n t  8 2 . 5 $ )  was p r e p a r e d  by  
a d d in g  p h o s p h o ru s  p e n t o x i d e  t o  p h o s p h o r ic  a c i d  w i t h  h e a t i n g  
and s t i r r i n g .  The h y d r o c h l o r i c  a c i d  had s , g ,  1 . 1 8 ,  L i g h t  
p e t r o l e u m  r e f e r s  to  t h e  f r a c t i o n  b . p .  6 0 - 8 0 ° .  The i n f r a - r e d  
s p e c t r a  m arked x  were  p e r f o r m e d  by D r .  D. S. A l l a m  on a 
G r u b b -P a r s o n s  D . B .  1 w i t h  a GS 2^ m o n o c h ro m a to r ,  and t h o s e  n o t  
so m arked were  c a r r i e d  o u t  by  t h e  a u t h o r  on a P e r k i n - E l m e r  
I n f r a c o r d  137® The a n a l y s e s  were  c a r r i e d  o u t  by  D r .  A . B e r n ­
h a r d t ,  M u lhe im  ( R u h r ) ,  Germany. The column c h ro m a to g ra p h y  
r e f e r r e d  t o  t h r o u g h o u t  was p e r f o r m e d  u s in g  t h e  f o l l o w i n g  
s t a n d a r d  p r o c e d u r e
The columns w ere  o f  e i t h e r  a lu m i n a  o r  s i l i c a  ( b o t h  B r i t i s h  
Drug Houses c h r o m a t o g r a p h i c  g r a d e ) ,  and w ere  i n  e v e r y  case  
p r e p a r e d  w i t h  be n ze n e  as t h e  l i q u i d  p h a s e .
P r e p a r a t i o n  o f  t h e  A lu m in a  Columns
A lu m in a  was p o u re d  as a v e r y  f i n e  s t re a m  i n t o  a l o n g  g l a s s  
tu b e  f i l l e d  w i t h  b e n z e n e ,  w i t h  o c c a s i o n a l  t a p p i n g  o f  th e  tu b e  
t o  s e t t l e  th e  a d s o r b a n t ,  u n t i l  a column o f  th e  d e s i r e d  l e n g t h  
was o b t a i n e d .
- 9 6 -
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p r e p a r a t i o n  o f  th e  S i l i c a  Columns
S i l i c a ,  as a s l u r r y  i n  b e n z e n e ,  was added i n  p o r t i o n s  t o  
t h e  to p  o f  a l o n g  benzen e  f i l l e d  co lum n, w i t h  t a p p i n g  a f t e r  
e ach  a d d i t i o n  t o  s e t t l e  th e  a d s o r b e n t .
The s o l u t i o n  t o  he c h ro m a to g ra p h e d  was added to  t h e  t o p  
o f  t h e  co lu m n,  c a re  b e i n g  t a k e n  n o t  to  d i s t u r b  t h e  a d s o r b e n t .  
D e v e lo p m e n t  was by  e l u t i o n ,  i n i t i a l l y  w i t h  b e n z e n e ,  t h e n  w i t h  
m i x t u r e s  o f  b e n ze n e  and s o l v e n t s  o f  g r e a t e r  e l u t i n g  p o w e r .
The s o l u t i o n  was c o l l e c t e d  i n  f r a c t i o n s  a t  th e  b o t to m  o f  th e  
co lum n,  and t h e  e l u t e d  m a t e r i a l s  were o b t a i n e d  when th e  s o l v e n t  
was d i s t i l l e d  o f f .
- 9 8 -
THE PREPARATION OF THE BENZYLIDENEACETONES 
p _ -M e th o x y b e n z y l id e n e  ace to n e
( T h i s  method i s  e s s e n t i a l l y  t h a t  o f  D ra k e  and A l l e n  [ 6 l ] ) .
To a n i s a l d e h y d e  ( 1 0 8  g . ) ,  washed w i t h  aqueous sodium  
c a r b o n a t e ,  i n  a c e to n e  ( 1 0 8  m l . )  and w a t e r  ( 2 0 0  m l . ) ,  was ad d ed ,  
w i t h  s t i r r i n g ,  aqueous sodium h y d r o x i d e  ( 1 0 $ ,  10 m l 0 ) ;  t h e  
m i x t u r e  was s t i r r e d  f o r  a f u r t h e r  t h r e e  h o u r s ,  th e n  i t  was l e f t  
t o  s ta n d  f o r  48 h o u r s .  The s o l i d  p ro d u c e  was f i l t e r e d  o f f  and
d i s s o l v e d  i n  b e n z e n e .  The f i l t r a t e  was e x t r a c t e d  once w i t h
b e n zen e  ( 5 0  m l . ) ,  and t h e  combined benzene  s o l u t i o n s  w ere  washed  
w i t h  w a t e r  ( 1 0 0  m l . ) ,  and d r i e d  (NagSCty). As much be n zen e  as  
p o s s i b l e  was d i s t i l l e d  o f f  on t h e  steam b a t h ,  and t h e  r e s i d u e s  
were d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e ;  t h e  f r a c t i o n  b . p . 1 8 4 — 
! 8 8 ° / l 8  mm. was c o l l e c t e d .  Two r e c r y s t a l l i s a t i o n s  o f  th e  
r e s u l t i n g  s o l i d  f r o m  m e th a n o l  gave jD -m e t h o x y b e n z y l id e n e a c e to n e  
( 1 0 9  g . ,  7 8 $ ) ,  y e l l  ow l e a f l e t s ,  m .p .  7 4 ~ 7 5 °»  B a e y e r  and 
V i l l i g e r  [ 6 2 ]  r e p o r t  m .p .  7 2 - 7 4 ° .
j ^ - N i t r o b e n z y l i d e n e a c e t o n e
(M e th o d  s i m i l a r  t o  t h a t  used by Le F e v r e  [ 4 5 ] ) o
F i n e l y  g rou nd  b e n z y l i d e n e a c e t o n e  ( 6 0  g . ) was added o v e r  
•§• h o u r  t o  a s t i r r e d  m i x t u r e  o f  s u l p h u r i c  a c i d  ( 9 8 $ ,  125 m l . )  
and n i t r i c  a c i d  (dg^o 1 * 4 1 ? 125  m l . ) ,  s u r r o u n d e d  by  an a l c o h o l
b a t h  m ained  a t  c a , - 4 0 °  b y  t h e  p e r i o d i c  a d d i t i o n  o f  s o l i d  ca rb o n  
d i o x i d e .  S t i r r i n g  was c o n t i n u e d  f o r  a f u r t h e r  2-g- h o u r s ,  and  
th e n  t h e  m i x t u r e  was p o u re d  on t o  c ru s h e d  i c e ;  th e  r e s u l t i n g  
y e l l o w  s o l i d  was f i l t e r e d  o f f ,  washed w i t h  w a t e r ,  th e n  w i t h  
aqueous sodium c a r b o n a t e ,  and f i n a l l y  w i t h  w a t e r  a g a i n .  The 
s o l i d  was r e c r y s t a l l i s e d  t w i c e  f ro m  aqueous e t h a n o l ,  and i t  
y i e l d e d  p ^ - n i t r o b e n z y l i & e n e a c e t o n e  (2 7  g* , 3 4 $ ) ,  as y e l l o w  
n e e d l e s ,  m .p .  1 0 9 - 1 1 0 ° .  ( B a e y e r  and B e c k e r  [ 6 3 ] r e p o r t  m . p . 1 1 0 ° )
m - N i t r o b e n z y l i & e n e a c e t o n e
To m - n i t r o b e n z a l d e h y d e  ( 4 0  g » ) i n  a c e t o n e  ( 4 0 0  m l . )  s u r r ­
ounded by an i c e - w a t e r  b a t h ,  was ad ded ,  w i t h  s t i r r i n g ,  aqueous  
sodium h y d r o x i d e  ( l $ ,  100  m l . ) ,  a t  such a r a t e  as to  keep th e  
t e m p e r a t u r e  b e lo w  5°® A f t e r  a f u r t h e r  15 m in .  t h e  m i x t u r e  was 
a c i d i f i e d  g r a d u a l l y  w i t h  2 N ~ s u l p h u r i c  a c i d .  As much a c e t o n e  
as p o s s i b l e  was d i s t i l l e d  o f f  on t h e  s team  b a t h ,  th e  r e s i d u e  was 
h e a t e d  u n d e r  r e f l u x  f o r  •§• h o u r  w i t h  2 N ~ s u l p h u r i c  a c i d  ( 1 0 0  m l . ) ,  
t h e  m i x t u r e  was c o o l e d ,  and t h e  r e s u l t i n g  s o l i d  was f i l t e r e d  o f f  
t h e  l a t t e r  was washed w i t h  w a t e r ,  th e n  w i t h  aqueous sodium c a r ­
b o n a t e ,  and f i n a l l y  w i t h  w a t e r  a g a i n .  D i s t i l l a t i o n  u n d e r  r e ­
duced  p r e s s u r e  y i e l d e d  a f r a c t i o n  b . p .  l 6 0 - 1 7 0 ° / 0 . 3  mm.; i t  
s o l i d i f i e d  r e a d i l y ,  and two r e c r y s t a l l i s a t i o n s  f r o m  e t h a n o l  
gave m - n i t r o b e n z y l i & e n e a c e t o n e , y e l l o w  n e e d l e s ,  m . p . 9 9 - 1 0 0 ° .
(McG-ookin and S i n c l a i r  [ 6 4 ] r e p o r t  m .p .  9 9 - 1 0 0 ° ) .
B e n z y l i d e n e a c e t o n e
The sample used was m a n u f a c t u r e d  h y  B r i t i s h  Drug  
Houses L i m i t e d .  I t  had m .p .  4 1 - 4 2 ° .
The p r o c e d u r e  used was t h a t  o f  A rc u s  and Marks [ 4 8 ] .  
S u l p h u r i c  a c i d  ( 9 8 $ ,  15 m l . )  was added d r o p w is e  to  a s t i r r e d  
i c e - c o o l e d  m i x t u r e  o f  sodium a z i d e  ( 2 . 6 2  g .  , 0 . 0 4 0  mole*) and 
c h l o r o f o r m  ( 1 5  m l , ) .  A f t e r  a f u r t h e r  15 m i n . ,  th e  i c e - w a t e r  
was r e p l a c e d  by a w a t e r  b a t h  m a i n t a i n e d  a t  3 0 ° ,  and b e n z y l i d e n e ­
a c e to n e  ( 2 . 9 2  g . , 0 . 0 2 0  m o l e . )  i n  c h l o r o f o r m  ( 2 0  m l . ) ,  was 
added d u r i n g  1 h o u r ;  s t i r r i n g  was c o n t i n u e d  f o r  2 h o u r s .  The 
m i x t u r e  was t h e n  p o u re d  on t o  c ru s h e d  i c e  ( 2 0 0  g . ) .  The w h o l e ,  
t o g e t h e r  w i t h  washes o f  w a t e r  and c h l o r o f o r m  ( 2 5  m l . )  was shaken  
m e c h a n i c a l l y  f o r  \  h o u r ,  and a l i t t l e  t a r r y  s o l i d  was f i l t e r e d  
o f f  and r e j e c t e d .  The aqueous s o l u t i o n  was e x t r a c t e d  w i t h  
c h l o r o f o r m  ( 3  x 25 m l . ) ,  and t h e  combined c h l o r o f o r m  s o l u t i o n s  
were  washed w i t h  aqueous sodium hydrog en  c a r b o n a t e  (2  x 25 m l . ) ,  
t h e n  w i t h  w a t e r  ( 2  x 25 m l . ) ,  d r i e d  (Na^SO^) and e v a p o r a t e d  t o  
d r y n e s s ;  t h e r e  r e m a in e d  a brown o i l  ( I ) .
The aqueous s o l u t i o n  was d i s t i l l e d  u n t i l  th e  d i s t i l l a t e  
( 7 5  m l . )  no l o n g e r  gave a p r e c i p i t a t e  w i t h  B r a d y 's  r e a g e n t .  
M e t h a n o l  ( 5 0  m l . )  was added to  th e  d i s t i l l a t e ,  f o l l o w e d  by  
B r a d y ' s  r e a g e n t  ( 1 0  m l . ) .  The r e s u l t i n g  p r e c i p i t a t e  ( l l )  was 
f i l t e r e d  o f f .  The d i s t i l l a t i o n  r e s i d u e s  w ere  f i l t e r e d ,  a t r a c e  
o f  brown amorphous s o l i d  r e j e c t e d ,  th e  f i l t r a t e  was made s t r o n g l
THE SCHMIDT REACTION OF BENZYLIDENEACETONE IN A CHLOROFORM
AND CONCENTRATED SULPHURIC ACID MIXTURE
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a l k a l i n e  w i t h  aqueous sodium h y d r o x i d e ,  and e x t r a c t e d  w i t h  e t h e r  
(2  x 5 0 ,  2 x 25 m l * ) ;  th e  combined e t h e r a l  e x t r a c t s  w ere  d r i e d  
(N a ^ S O ^ ) ,  and t h e  s o l v e n t  was d i s t i l l e d  o f f ;  th e  r e s i d u e  ( i l l )  
was a d a r k  o i l *
F r a c t i o n  ( I )  ( 1 , 4 4  g . ) was d i s s o l v e d  i n  be n ze n e  ( 7  m l , )
and s u b j e c t e d  to  c h ro m a to g r a p h y  on a lu m i n a  ( 1 2 . 5  x 1 . 5  c m . ) .
The f o l l o w i n g  f r a c t i o n s  were c o l l e c t e d  : —
A -  benzen e  ( 5 0  m l . ) ,  a y e l l o w  b a n d ,  gave a brown o i l  ( 0 . 4 1  g . ) .  
B -  benzene  ( 5 0  m l . ) ,  a y e l l o w  b a n d ,  gave a y e l l o w  s o l i d
( 0 . 0 8  ) ,  r e p e a t e d  r e c r y s t a l l i s a t i o n  o f  w h ic h  f ro m
m e t h a n o l - l i g h t  p e t r o l e u m  gave a w h i t e  s o l i d ,  m .p .  1 4 2 -  
1 4 3 ° .  (P ound:  C, 6 3 . 8 5 ;  H ,  5 . 4 ;  N, 2 9 . 4 .  C1 0 H1 0 \  
r e q u i r e s :  C, 6 4 . 5 ;  H, 5 - 4 ;  N, 3 0 . 1 $ ) .  T h is  s u b s t a n c e ,
b e l i e v e d  t o  be a t e t r a z o l e ,  was n o t  f u r t h e r  c h a r a c t e r i s e d  
£  — be n zen e  ( 3 0 0  m l . ) ,  gave c rud e  N -m e th y lc in n a m a m id e  ( 0 . 3 8  g,  , 
1 2 $ ) ,  w h ic h  on r e o r y s t a l l i s a t i o n  f r o m  m e t h a n o l - l i g h t  
p e t r o l e u m  had m .p .  11 1-1 12 °. (F o u n d :  C, 74*15;
H, 7 . 2 ;  N ,  8 . 5 .  C a l c ,  f o r  %  H No : C, 7 4 . 5 ;  H, 6 . 9 ;  
N, 8 . 7 $ ) .  S m ith  and H o r w i t z  [ 9 ] r e c o r d  m .p .  1 1 1 - 1 1 2 °  
f o r  t h i s  compound.
F r a c t i o n  A, fo u n d  t o  c o n t a i n  c a r b o n y l  compounds, was 
d i s s o l v e d  i n  m e th a n o l  ( 1 0  m l . )  and t r e a t e d  w i t h  B r a d y ’ s r e a g e n t  
u n t i l  no f u r t h e r  p r e c i p i t a t i o n  o c c u r r e d ,  and th e  p r e c i p i t a t e
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was f i l t e r e d  o f f  and w e ig h e d  ( 1 . 1 8  g . ) »  A sample ( 0 . 0 5  g . ) 
was d i s s o l v e d  i n  be n ze n e  ( 1 0  m l . )  and s u b j e c t e d  to  c h ro m a to ­
g r a p h y  on a lu m in a  ( 3 0  x 2 c m . ) ,  u s i n g  be n ze n e  as e l u e n t .  The 
f i r s t  band to  be e l u t e d  y i e l d e d  t h e  c ru d e  2 , 4 —d i n i t r o p h e n y l -  
h y d r a z o n e  o f  b e n z y l i d e n e a c e t o n e  ( 0 . 0 4  g* , 1 4 $  o v e r a l l ) ,  m .p .  
2 1 7 - 2 1 8 ° ,  w h ic h  a f t e r  r e c r y s t a l l i s a t i o n  f r o m  g l a c i a l  a c e t i c  a c i d  
had m .p .  222—2 2 3 ° ,  a l o n e  and when mixed w i t h  an a u t h e n t i c  sample  
( o f  m .p .  2 2 2 - 2 2 3 ° ) .
The 2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  ( l l )  ( 0 . 1 6  g . ) was 
d i s s o l v e d  i n  be nzen e  ( 5  m l . ) ,  and c h ro m a to g ra p h e d  on an a lu m in a  
column ( 2 0  x 2 c m . ) ,  u s i n g  be nzen e  as e l u e n t .  The f i r s t  band  
to  be e l u t e d  gave a l i t t l e  o ra n g e  m a t e r i a l ,  th e  2 , 4 - & i n i t r o -  
p h e n y lh y d r a z o n e  o f  b e n z a l d e h y d e , w h ich  a f t e r  r e c r y s t a l l i s a t i o n  
f r o m  g l a c i a l  a c e t i c  a c i d  had m .p .  2 3 4 - 2 3 5 °  and a m ixed  m .p .
2 3 7 °  w i t h  an a u t h e n t i c  specimen ( o f  m .p .  2 3 7 ° ) .  Two f u r t h e r  
o ra n g e  bands y i e l d e d ,  i n  each c a s e ,  o n l y  a t r a c e  o f  t a r r y  
m a t e r i a l „
The b a s i c  f r a c t i o n  ( i l l )  ( 0 . 2 4  g * ) was b e n z o y l a t e d  by  
t h e  S c h o t te n -B a u m a n n  m ethod;  th e  s o l i d  p r o d u c t ,  a f t e r  r e ­
c r y s t a l l i s a t i o n  f r o m  aqueous e t h a n o l  had m .p .  1 6 2 . 5 ° ?  a lo n e  
and when m ixed Y / i th  b e n z a n i l i d e  ( o f  th e  same m . p . ) .  I t  
w e ig h e d  ( 0 . 2 4  g * ? 7 $ ) *  Hence t h e  b a s i c  f r a c t i o n  was 
a n i l i n e  ( 7 $ ) «
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SULPHURIC ACID
B e n z y l i d e n e a c e t o n e  was s u b j e c t e d  t o  t h e  S chm id t  r e a c t i o n  
i n  s u l p h u r i c  a c i d  ( 98$ )  a t  b o t h  0 °  and 30° ,  and- i n  s u l p h u r i c  
a c i d  mono- and d i - h y d r a t e s  a t  30 , u n d e r  th e  f o l l o w i n g  con­
d i t i o n s .
B e n z y l i d e n e a c e t o n e  ( 2 . 9 2  g .  , 0 . 0 2  m o l e . )  was d i s s o l v e d  
i n  s u l p h u r i c  a c i d  (6 0  m l . ) ,  s u r ro u n d e d  by a w a t e r  b a t h  a t  
3 0 °  ( o r  an i c e - w a t e r  b a t h  f o r  t h e  r u n  a t  0 ° ) ,  m e c h a n i c a l l y  
s t i r r e d ,  and sodium a z i d e  ( 1 . 6 2  g . , 0 . 0 2 5  m o l e . )  was added i n  
p o r t i o n s  d u r i n g  1 h o u r .  The s t i r r i n g  was c o n t i n u e d  f o r  a 
f u r t h e r  p e r i o d  ( t h e  t o t a l  r e a c t i o n  t i m e s  a r e  g i v e n  i n  T a b le  1 ,  
page 87  ) ,  The r e a c t i o n  m i x t u r e  was p o u re d  on t o  c r u s h e d  i c e  
( 3 0 0  g . ) *  F o r  t h e  e x p e r i m e n t s  w i t h  c o n c e n t r a t e d  s u l p h u r i c  
a c i d ,  th e  p r o d u c t  was a w h i t e  s o l i d ,  w h ic h  was f i l t e r e d  o f f .
W i t h  th e  s o l v e n t s  s u l p h u r i c  a c i d  mono- and d i - h y d r a t e s  th e  
p r o d u c t  was a t a r r y  s o l i d .  I n  th e  l a t t e r  c a s e s ,  t h e  m i x t u r e  
was- e x t r a c t e d  w i t h  c h l o r o f o r m  ( 3  x 25 m l . ) ,  t h e  combined e x ­
t r a c t s  were  washed w i t h  s a t u r a t e d  aqueous sodium h y d ro g e n  
c a r b o n a t e ,  d r i e d  (N a ^ S O ^ ) , and th e  s o l v e n t  was d i s t i l l e d  o f f ,  
l e a v i n g  a s t i c k y  s o l i d .  Where b e n z y l i d e n e a c e t o n e  was re c o v e re o . *  
i t s  i d e n t i t y  was c o n f i r m e d  by a m ixed  m .p .  d e t e r m i n a t i o n .
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S u l p h u r i c  A c id
I n  t h e  runs  a t  b o t h  0 °  and 3 0 ° ,  t h e r e  were no s ig n s  o f  
n i t r o g e n  e v o l u t i o n .  A t  0 °  t h e  p r o d u c t  was a w h i t e  s o l i d ,  
unchanged b e n z y l i d e n e a c e t o n e  ( 2 . 4 5  g * ■> 84$ ) ,  m .p .  38 - 3 9 ° *
A t  3 0 ° ,  b e n z y l i d e n e a c e t o n e  ( 2 . 2 7  g . , 7 8 $ )  was r e c o v e r e d .
The S chm id t  R e a c t i o n  o f  B e n z y l i d e n e a c e t o n e  i n  
S u l p h u r i c  A c id  M o n o -H y d r a te
The p r o d u c t  o f  t h i s  r e a c t i o n  was a t a r r y  s o l i d  ( 2 . 7 5  g * ) ?  
w h ich  was d i s s o l v e d  i n  b e n zen e  ( 1 0  m l . )  and s u b j e c t e d  to  
c h ro m a to g ra p h y  on a lu m i n a  (1 2  x 1 . 5  c m . ) .  The f o l l o w i n g  
f r a c t i o n s  w ere  c o l l e c t e d  : -
A -  benzen e  ( 2 5 0  m l . ) ,  gave b e n z y l i d e n e a c e t o n e  ( 1 . 3 9  g -s  4 8 $ )  
o f  m .p .  3 8 - 4 0 ° .
B -  be n zen e  ( 1 0 0  m l . ) ,  gave a y e l l o w  s o l i d  ( 0 . 0 8  g . ) .
£  -  be n zen e  ( 7 5 0  m l . ) ,  gave a s o l i d  ( 0 . 3 6  g . ) .
D -  1 0 $  m e th a n o l  i n  be n zen e  (2 5 0  m l . ) ,  gave c rud e  N - m e t h y l ­
c innamamide ( 0 . 5 9  g # , 1 8 $ ) ;  two r e c r y s t a l l i s a t i o n s  
f r o m  b e n z e n e - l i g h t  p e t r o l e u m  gave t h e  p u re  compound,  
m .p .  1 1 1 - 1 1 2 ° .
The Schmidt React ion  o f  Benzylideneacetone  in Concentrated
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The S ch m id t  R e a c t i o n  o f  B e n z y l i d e n e a c e t o n e  i n  
S u l p h u r i c  A c id  D i - H y d r a t e
The p r o d u c t  o f  t h i s  r e a c t i o n  was a r e d - b r o w n  s t i c k y  
s o l i d ,  w h ich  was d i s s o l v e d  i n  benzene  ( 1 0  m l . ) ,  and c h ro m a to ­
g ra p h e d  on a lu m in a  ( 1 2 . 5  x 2 . 5  c m . ) .  The f o l l o w i n g  f r a c t i o n s  
were  c o l l e c t e d
A -  b e n z e n e  ( 2 5 0  m l „ ) ,  gave a y e l l o w - b r o w n  o i l  ( 0 . 1 7  g . ) *
B -  b e n ze n e  ( 1 0 0  m l . ) ,  gave a s t i c k y  y e l l o w  s o l i d  ( 0 . 1 8  g . ) .
£  -  b e nzen e  ( 5 5 0  m l . ) ,  f o l l o w e d  by 1 0 $  m e th a n o l  i n  b e nzen e
( 2 0 0  m l . ) ,  gave c ru d e  N -m e th y lc in n a m a m id e  ( 1 . 5 4  g * ,
4 8 $ ) ;  r e c r y s t a l l i s a t i o n  f ro m  a c e t o n e - l i g h t  p e t r o l e u m  
gave t h e  p u re  compound, m .p .  1 1 1 - 1 1 2 ° .
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B e n z y l i d e n e a c e t o n e  and p ^ -m e th o x y b e n z y l id e n e a c e to n e  w ere  
s u b j e c t e d  to  t h e  Schm id t  r e a c t i o n  i n  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d  u n d e r  t h e  c o n d i t i o n s  ( a )  b e lo w ,  w h i l e  f o r  m - n i t r o -  and  
p ^ - n i t i o - b e n z y l i & e n e a c e t o n e s  c o n d i t i o n s  ( b )  w ere  u s e d .  D u p l i c a t e  
ru n s  w ere  c a r r i e d  o u t ,  and t h e  r e s u l t s  a re  shown i n  T a b l e  2 ,  
page 8 8 .
The k e t o n e  ( ( a )  0 . 0 2 ,  ( b )  0 . 0 1  m o l e . )  was d i s s o l v e d  i n  
c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (6 0  m l . ) ,  s u r r o u n d e d  by a w a t e r  
b a t h  a t  2 0 °  ( - 1 ° ) ,  and to  t h e  s t i r r e d  s o l u t i o n  was added sodium  
a z i d e  ( ( a )  1 . 6 2  g . , 0 . 0 2 5  m o l e . ,  ( b )  0 . 8 1  g . , 0 . 0 1 2 5  m o l e . )  i n  
p o r t i o n s  o v e r  1 h o u r .  The r e a c t i o n  was a l l o w e d  t o  p r o c e e d  
u n t i l  th e  e v o l u t i o n  o f  n i t r o g e n  had c e ased  ( i n  th e  case o f  
b e n z y l i d e n e a c e t o n e  and j r - n i t r o b e n z y l i & e n e a c e t o n e  s t i r r i n g  and 
t e m p e r a t u r e  c o n t r o l  were  d i s c o n t i n u e d  a f t e r  10  h o u r s ) .  The 
m i x t u r e  was t h e n  p o u r e d  i n t o  i c e - w a t e r  ( 2 0 0  m l . ) ,  and th e  r e ­
s u l t i n g  s o l i d  ( i )  was f i l t e r e d  o f f ,  and washed w e l l  w i t h  w a t e r .  
The f i l t r a t e  and w a s h in g s  w ere  t h e n  made a l k a l i n e  w i t h  aqueous  
sodium h y d r o x i d e  and a l l o w e d  t o  s tand  o v e r n i g h t ;  a f u r t h e r  
q u a n t i t y  o f  s o l i d  ( l l )  was t h u s  p r e c i p i t a t e d  i n  e x p e r i m e n t s
( a ) .  T h i s  was f i l t e r e d  o f f  and washed w i t h  w a t e r .  I n  t h e  
e x p e r i m e n t s  ( b )  o n l y  a t r a c e  o f  t a r r y  m a t e r i a l  was p r e c i p i t a t e d ,  
w h ic h  was r e j e c t e d .
THE SGHMIDT REACTION OF SOME BENZYLIDENEACETONES IN
CONCENTRATED HYDROCHLORIC ACID
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The s o l i d s  ( i )  and ( l l )  were  co m b ine d ,  and g a v e ,  on r e ­
c r y s t a l l i s a t i o n ,  th e  p u r e  s u b s t i t u t e d  o r  u n s u b s t i t u t e d  N - m e t h y l ~  
c i n n a i a m i d e . The w e i g h t s  o b t a i n e d ,  t h e  p e r c e n t a g e  y i e l d s ,  t h e  
r e a c t i o n  t i m e s ,  t h e  m . p . s , a n d  t h e  a n a l y s i s  f i g u r e s  f o r  th e  
compounds a r e  shown i n  T a b l e s  2~4*,p&ges 8 8 - 8 9 * E a c h  o f  th e  
s u b s t i t u t e d  N -m e t h y lc in n a m a m id e s  was a l s o  s y n t h e s i s e d  f r o m  t h e  
c o r r e s p o n d i n g  c in n a m o y l  c h l o r i d e  and m e t h y l a m i n e ,  as i n d i c a t e d  
b e l o w .
S y n t h e s i s  o f  th e  S u b s t i t u t e d  N -M e t h y lc in n a m a m id e s
(The  symbols ( i ) ,  ( i i )  and ( i i i )  r e f e r  r e s p e c t i v e l y  to  th e  p r e ­
p a r a t i o n s  o f  th e  p _ -m e th o x y - , p —n i t r o -  and m - n i t r o -  s u b s t i t u t e d  
N - m e t h y l c i n n a m a m i d e s ) .
A m i x t u r e  o f  th e  s u b s t i t u t e d  c in n a m ic  a c i d  ( ( i )  1 . 8 ,
( i i )  0 . 6 ,  ( i i i )  1 , 0  g . ) and t h i o n y l  c h l o r i d e  ( 5  m l . )  were  h e a t e d  
u n d e r  r e f l u x  f o r  ( i )  1 5 ,  ( i i )  3 0 ,  ( i i i )  10 m in .  E xcess  t h i o n y l  
c h l o r i d e  was t h e n  d i s t i l l e d  o f f ,  th e  r e s u l t i n g  cake o f  s o l i d  
was b ro k e n  u p ,  d r i e d  u n d e r  r e d u c e d  p r e s s u r e ,  and d i s s o l v e d  i n  
b e n ze n e  ( ( i )  2 0 ,  ( i i )  2 5 , ( i i i )  30 m l , ) ;  m e th y la m in e  gas was 
t h e n  p a ss e d  i n t o  th e  b e nzen e  s o l u t i o n ,  when t h e  amide was 
p r e c i p i t a t e d  ( ( i )  1 . 2 ,  ( i i )  0 . 5 ,  ( i i i )  0 , 6  g , ) .  T h i s  was f i l t e ? -  
ed o f f  and r e c r y s t a l l i s e d  t o  th e  m .p ,  shown i n  T a b le  3? page 91« 
The m . p . s  were  um depressed  when t h e  am ides  were m ixed  w i t h  
t h o s e  o b t a i n e d  i n  th e  S ch m id t  r e a c t i o n .
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B e n z y l i d e n e a c e t o n e ,  R - m e t h o x y - ,  n i t r o  — and m - n i t r o -  
h e n z y l i d e n e a c e t o n e s  w e re  s u b j e c t e d  t o  t h e  S c h m id t  r e a c t i o n  u n d e r  
t h e  f o l l o w i n g  c o n d i t i o n s .
To t h e  k e t o n e  ( 0 . 0 2  m o l e . )  i n  p o l y p h o s p h o r i c  a c i d  ( 6 0  g . ) ,
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s t i r r e d ,  and s u r r o u n d e d  by a w a t e r  b a t h  a t  30 (-3- ) 5was added
sodium a z i d e  ( 1 . 6 2  g . , 0 . 0 2 5  m o l e . )  i n  s m a l l  p o r t i o n s  d u r i n g  1 
h o u r .  The s t i r r i n g  was c o n t i n u e d  f o r  a f u r t h e r  8 h o u rs  (2  hour?  
i n  t h e  case o f  some a d d i t i o n a l  e x p e r i m e n t s  on b e n z y l i d e n e a c e t o n e )  
The w a t e r  h a t h  was t h e n  e x cha ng ed  f o r  an i c e - w a t e r  b a t h ,  and  
i c e - c o l d  w a t e r  ( 7 5  m l . )  was added to  t h e  r e a c t i o n  m i x t u r e  w i t h  
s t i r r i n g .
The m i x t u r e  was t h e n  t r e a t e d  by t h e  method g i v e n  u nder  
t h e  i n d i v i d u a l  k e t o n e s .  U n r e a c t e d  k e t o n e  and t h e  s u b s t i t u t e d  
N -m e th y lc in n a m a m id e  w ere  i n  e v e r y  case i d e n t i f i e d  by a m ixed  
m .p .  d e t e r m i n a t i o n .  D u p l i c a t e  r u n s  were  p e r f o r m e d .  The r e ­
s u l t s  o f  t h e s e  r e a c t i o n s  a r e  summarised i n  T a b le  5 ,  page 9 1 .
B e n z y l i d e n e a c e t o n e
Two s e r i e s  o f  d u p l i c a t e  r u n s  w ere  p e r f o r m e d ,  ( a )  o f  3 
h o u r  d u r a t i o n  and ( b )  o f  9 h o u rs  d u r a t i o n .
THE SCHMIDT REACTION OF SOME BENZYLIDENEACETONES
IN POLYPHOSPHORIC ACID
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( a ) The 3 h o u r  ru n s
The r e a c t i o n  p r o d u c t ,  o b t a i n e d  as d e t a i l e d  on page 109  
was e x t r a c t e d  w i t h  c h l o r o f o r m  ( 3  x 25 m l . ) ,  t h e  combined  
e x t r a c t s  w ere  washed w i t h  s a t u r a t e d  aqueous sodium h y d ro g e n  
c a r b o n a t e ,  d r i e d  (N a g S O ^ ) ,  and t h e  s o l v e n t  was d i s t i l l e d  o f f .  
The p r o d u c t  was a y e l l o w  o i l  ( ( i )  2 . 6 7 ,  ( i i )  2 . 8 7  g . ) *  T h i s
was d i s s o l v e d  i n  b e n z e n e  ( 1 0  m l . ) ,  and c h ro m a to g ra p h e d  on an
a lu m i n a  column ( 2 8  x 1 . 5  c m . ) .  The f o l l o w i n g  f r a c t i o n s  w ere  
c o l l e c t e d  : —
A -  b e n zen e  ( ( i ) ,  ( i i )  60 m l . ) ,  gave no p r o d u c t .
B — be n ze n e  ( ( i ) ,  ( i i )  200  m l . ) ,  gave b e n z y l i d e n e a c e t o n e  ( ( i )
1 . 0 0  g . , 3 4 $ , ( i i )  0 . 6 8  g . , 2 3 $ )  o f  m .p .  ( i )  ( i i )  4 0 - 4 1 ° o
C_ -  b e n zen e  ( ( i )  3 0 0 , ( i i )  200  m l . ) ,  gave ( i )  a v i s c o u s  o i l
( 0 , 0 3 2  g . )  and ( i i )  a s o l i d  ( 0 . 0 4 2  g . ) .
D -  b e n ze n e  ( ( i )  3 0 0 ,  ( i i )  2 00  m l . ) ,  gave a y e l l o w  s o l i d
( ( i )  0 . 1 7 , ( i i )  0 . 1 5  g * ) ,  w h ich  a f t e r  r e c r y s t a l l i s a t i o n  
f r o m  a c e t o n e - l i g h t  p e t r o l e u m  had m. p .  ( i )  1 0 6 - 1 0 8 ° ,  ( i i )
1 0 8 —1 1 0 ° ) ,  and m ix e d  m .p .  w i t h  N - s t y r y l a c e t a m i d e  
( o b t a i n e d  by t h e  Beckmann r e a r r a n g e m e n t ,  as on page 118)  
o f  ( i )  1 0 6 - 1 0 8 ° ,  ( i i )  1 0 8 - 1 1 0 ° .
E -  be nzen e  ( ( i )  2 0 0 ,  ( i i )  300 m l . ) ,  gave a m i x t u r e  o f  s o l i d s
( ( i )  0 . 2 0 ,  ( i i )  0 . 4 4  s . ) .
-1 1 1 -
F -  b e n ze n e  ( ( i )  1 1 0 0 ,  ( i i )  1 0 0 0  m l . ) ,  f o l l o w e d  by 1 $  m e th a n o l  
i n  b e n zen e  ( ( i ) ,  ( i i )  600 m l . ) ,  gave c ru d e  N - m e t h y l -  
cinnam am ide  ( ( i )  1 . 1 3  g . , ( 3 5 $ ) ,  ( i i )  0 . 9 3  ( 29$ ) ) ;
two r e c r y s t a l l i s a t i o n s  f ro m  a c e t o n e - l i g h t  p e t r o l e u m  
y i e l d e d  t h e  p u re  compound, m . p . 1 1 1 - 1 1 2 ° .
( b ) The 9 h o u r  r u n s
The r e a c t i o n  p r o d u c t ,  o b t a i n e d  as d e t a i l e d  on page 1 0 9 ,
was e x t r a c t e d  w i t h  c h l o r o f o r m  ( 3  x 25 m l . ) ,  t h e  combined
e x t r a c t s  were  washed w i t h  aqueous sodium h y d ro g e n  c a r b o n a t e ,
d r i e d  and so3-v e n ^ was d i s t i l l e d  o f f .  The p r o d u c t
was a y e l l o w  o i l  ( ( i )  3 . 1 0 ,  ( i i )  3 . 1 2  g . ) ( i ) .
The aqueous s o l u t i o n  was d i s t i l l e d ,  50 m l .  o f  d i s t i l l a t e
w ere  c o l l e c t e d ,  t h e  d i s t i l l a t i o n  r e s i d u e s  w ere  c o o l e d ,  made
%
a l k a l i n e  w i t h  aqueous sodium h y d r o x i d e ,  e x t r a c t e d  w i t h  e t h e r
(2  x  25 m l . ) ,  t h e  combined e x t r a c t s  w ere  washed w i t h  w a t e r
( 5 0  m l . ) ,  d r i e d  (N a ^ S O ^ ) ,  and t h e  s o l v e n t  d i s t i l l e d  o f f ,  l e a v i n g
a d a r k  o i l  ( ( i )  0 . 0 8 6 ,  ( i i )  0 . 0 2 0  g . ) .  T h i s  was d i s s o l v e d
i n  g l a c i a l  a c e t i c  a c i d ,  t h e n  an e x c e s s  o f  a s o l u t i o n  o f  b ro m in e
w i t h  w a t e r
i n  g l a c i a l  a c e t i c  a c i d  was a d d e d ,  and t h e  m i x t u r e  was d i l u t e d /  
t o  g i v e  a g r e y  p r e c i p i t a t e  o f  2 , 4 , 6 ~ t r i b r o m o a n i l i n e  ( ( 1 ) 0 . 2 1  g.  
( 2 % ) ,  ( i i )  0 . 0 6  g .  ( l $ ) ) , m . p .  ( i )  1 0 4 - 1 0 9 ° ,  ( i i ) 1 1 0 - 1 1 3 ° ;  
two r e c r y s t a l l i s a t i o n s  f r o m  e t h a n o l  r a i s e d  t h e  m . p . s  to  1 1 9 -  
1 2 0 ° ,  a lo n e  and when m ixe d  w i t h  an a u t h e n t i c  specimen o f  t h e
-1 1 2 -
same m. p .
( i )  was d i s s o l v e d  i n  b e nzen e  and c h ro m a to g ra p h e d  on an 
a lu m in a  column ( ( i )  1 2 . 5  x 1 . 5 ?  ( i i )  1 2 . 5  x  2 , 5  c m . ) .  The 
f o l l o w i n g  f r a c t i o n s  w ere  c o l l e c t e d  : —
A -  benzen e  ( ( i )  6 0 ,  ( i i )  4 0 0  m l . ) ,  gave a s t i c k y  s o l i d  ( ( i )  
0 . 6 7 ,  ( i i )  0 . 1 7  g . ) .  R e c r y s t a l l i s a t i o n  f ro m  a c e t o n e -  
l i g h t  p e t r o l e u m  gave c rud e  N -m e th y lc in n a m a m id e  ( ( i )
0 . 2 4  g . ,  m .p .  1 0 0 - 1 0 3 ° ,  ( i i )  0 . 0 6 7  g . ,  m .p .  9 6 - 1 0 1 ° ) .
£  -  ( i )  o n l y ,  two f r a c t i o n s  o f  benzene ( d e n o t e d  ( a )  and ( b )  o f  
50 m l .  e a c h ) ,  r e o r y s t a l l i s a t i o n  f ro m  a c e t o n e - l i g h t  
p e t r o l e u m  gave c ru d e  N -m e th y lc in n a m a m id e  ( ( a )  O . O64 g . ? 
m .p .  1 0 6 - 1 0 7 ° ,  (t>) 0 . 0 7 8  g . ,  m .p .  1 0 5 - 1 0 7 ° ) .
£  -  benzene  ( ( i )  9 4 0 ,  ( i i )  500  m l . ) ,  f o l l o w e d  by  1 $  m e th a n o l  
i n  b e n z e n e  ( ( i i )  o n l y ,  250  m l . ) ,  gave c rude  N - m e t h y l —-  
c innam am ide  ( ( i )  1 . 1 2 ,  ( i i )  1 . 3 0  g . ) ,  w h ic h  on r e ­
c r y s t a l l i s a t i o n  f r o m  b e n z e n e - l i g h t  p e t r o l u m  had m. p .  
1 1 1 —1 1 2 ° .  The t o t a l  y i e l d  o f  N -m e th y lc in n a m a m id e  
( f r a c t i o n s  A and £  a f t e r  r e o r y s t a l l i s a t i o n ,  f r a c t i o n  £  
c r u d e )  was th u s  ( ( i )  1 . 3 6  g . , ( 4 2 $ ) ,  ( i i )  1 . 5 2  g . , ( 4 7 $ ) )  
£  -  1 $  m e th a n o l  i n  b e n zen e  ( ( i )  2 0 0 ,  ( i i )  300 m l . ) ,  gave a
y e l l o w  s o l i d ,  w h ic h  on r e c r y s t a l l i s a t i o n  f r o m  b e n zen e  
gave a s o l i d  ( ( i )  0 . 0 2 4 ? ( i i )  0 . 0 1 5  g * ) ?  w i t h  m. p .
( ( i )  2 2 1 - 2 2 6 ° ,  ( i i )  2 2 3 - 2 2 8 ° ) .  (F o u n d :  C, 7 4 . 2 ;  H,  6 . 2  
N,  8 . 5 5 .  C1 0 H ^NO r e q u i r e s :  C, 7 4 . 5 ?  H 7 . 2 ;  N, 8 . 7 $ ) ,
-1 1 3 -
] 3 - M e t h o x y b e n z y l i d e n e a c e t o n e
The p r o d u c t  o f  th e  r e a c t i o n ,  o b t a i n e d  as d e t a i l e d  on 
page 109* was an o ra n g e  l i q u i d  t o g e t h e r  w i t h  a brown t a r .  The 
f o r m e r  was d e c a n t e d  o f f ,  d i l u t e d  w i t h  w a t e r  ( 1 0 0  m l . )  and 
e x t r a c t e d  w i t h  c h l o r o f o r m  ( 3  x 25 m l . ) .  The t a r  was d i s s o l v e d  
i n  m e t h a n o l ,  and th e  s o l u t i o n  was added t o  t h e  combined c h l o r o ­
fo r m  e x t r a c t s ;  t h e  combined s o l u t i o n s  w ere  washed w i t h  aqueous  
sodium h y d ro g e n  c a r b o n a t e ,  d r i e d  (N a ^ S O ^ ) ,  and t h e  s o l v e n t  was 
d i s t i l l e d  o f f .  The p r o d u c t  was a brown t a r  ( i ) .
The aqueous s o l u t i o n  was d i s t i l l e d  u n t i l  50 m l .  had been  
re m o v e d ,  t h e  d i s t i l l a t i o n  r e s i d u e s  were  c o o l e d ,  made a l k a l i n e  
w i t h  aqueous sodium h y d r o x i d e ,  and t h e n  e x t r a c t e d  w i t h  e t h e r  
(2  x 25 m l . ) ,  t h e  combined e t h e r a l  e x t r a c t s  w ere  washed w i t h  
w a t e r  ( 5 0  m l . ) ,  d r i e d  (N a ^ S O ^ ) ,  and th e  s o l v e n t  was d i s t i l l e d  
o f f ;  t h e r e  r e m a in e d  a b l a c k  s o l i d ,  p _ - a n i s i d i n e  ( ( i )  0 * 2 9  g* , 
( 1 2 $ ) ,  ( i i )  0 . 3 1  g . ,  ( 1 2 $ ) ) ,  o f  m .p .  ( i )  5 1 - 5 3 ° ,  ( i i )  5 3 - 5 5 ° ,  
and when m ixed  w i t h  an a u t h e n t i c  sample o f  p _ - a n i s i d i n e  ( o f  m .p .  
5 7 - 5 8 ° ) ,  o f  m .p .  ( i )  5 5 - 5 6 ° ,  ( i i )  5 4 - 5 6 ° .  B o th  ( i )  and ( i i )  
gave a b e n z o a t e  o f  m. p .  1 5 6 - 1 5 7 ° ,  a l o n e ,  and when m ixed  w i t h  
b e n z —j a - a n i s i d i d e  o f  t h e  same m. p .
The brown t a r  ( i )  ( ( i )  3 « 9 4 ,  ( i i )  3#71  g * ) was d i s s o l v e d  
i n  be n zen e  ( 5 0 0  m l . )  and c h ro m a to g ra p h e d  on an a lu m in a  column
This s o l i d  was not f u r t h e r  c h a ra c te r i s e d .
-1 1 4 -
A -  be nzen e  ( ( i ) ,  ( i i )  750  m l . ) ,  g a v e  p t y n e t h o x y b e n z y l i & e n e -
a c e to n e  ( ( i )  0 . 8 2  g . , ( 2 3$ ) ,  ( i i )  0 . 7 4  g . , ( 1 8 $ ) )  o f  m .p .
( i )  6 8—7 0 ° ,  ( i i )  60—6 4 ° .
B -  3$  a c e to n e  i n  b e n ze n e  ( 1 2 0 0  m l . ,  ( i )  and ( i i ) ) ,  gave c rude
p^-methoxy—N -m e th y lc in n a m a m id e  ( ( i )  0 . 9 4  g .  * ( 25$ ) ,  ( i i )
0 * 7 3  g . , ( 1 9 $ ) ) ,  a y e l l o w  s o l i d ,  w h ic h  a f t e r  r e c r y s t a l l i ­
s a t i o n  f r o m  b e n ze n e  had m. p .  1 2 9 - 1 3 0 ° .
£  -  1 $  m e th a n o l  i n  b e n z e n e  ( ( i ) ,  ( i i )  200 m l . ,  gave a t r a c e
o f  t a r .
D — 1 $  m e th a n o l  i n  b e n z e n e  ( ( i ) ,  ( i i )  120  m l . ) ,  gave a brown
t a r  ( ( i )  0 . 3 0 , ( i i )  0 . 7 4  g * ) :  ( i )  was d i g e s t e d  w i t h  h o t
benzen e  ( 3  m l . ) ,  t h e  m i x t u r e  was c o o l e d ,  and t h e  r e s u l t i n g  
w h i t e  s o l i d  ( O . O 36 g . ) was f i l t e r e d  o f f .  A f t e r  r e ­
c r y s t a l l i s a t i o n  f r o m  g l a c i a l  a c e t i c  a c i d  i t  had m. p ,  
2 2 0 - 2 2 1 ° .  (P ound:  C, 6 9 . 4 ;  H ,  6 . 8 ; N ,  7 . 3 .
C^^H^^NO^ r e q u i r e s :  G, 6 9 . 1 ;  H, 6 . 8 5 ;  N,  7 * 3 $ ) .
No s o l i d  was o b t a i n e d  by th e  s i m i l a r  t r e a t m e n t  o f  ( i i ) .  
T h i s  compound was n o t  f u r t h e r  c h a r a c t e r i s e d .
N i t r o — and m - N i t r o - b e n z y l i d e n e a c e t o n e s
The p r o d u c t s  o f  t h e s e  r e a c t i o n s ,  o b t a i n e d  as d e t a i l e d  on 
page 109  , were y e l l o w  s o l i d s .  I n i t i a l  t r e a t m e n t  was c a r r i e d
(12 x 1 .5  cm .) .  The f o l l o w in g  f r a o t i o n s  were c o l l e c t e d  : -
- 1 1 5 -
o u t  as f o l l o w s .  The s o l i d s  w ere  f i l t e r e d  o f f ,  washed f i r s t  
w i t h  w a t e r ,  t h e n  w i t h  aqueous sodium h y d ro g e n  c a r b o n a t e ,  and 
t h e n  w i t h  w a t e r  a g a i n .  The r e s i d u e  ( i )  was d r i e d  u n d e r  r e d u c e d  
p r e s s u r e .  The f i l t r a t e  and w as h in g s  w ere  e x t r a c t e d  w i t h  
c h l o r o f o r m  (3  x 25 m l . ) ,  th e  e x t r a c t s  were  washed w i t h  aqueous  
sodium h y d ro g e n  c a r b o n a t e ,  d r i e d  (N a ^ S O ^ ) ,  and th e  s o l v e n t  
was d i s t i l l e d  o f f .  T h e re  r e m a in e d  a s t i c k y  s o l i d  ( l l ) .
F u r t h e r  t r e a t m e n t  was c a r r i e d  o u t  as d e s c r i b e d  u n d e r  th e  
i n d i v i d u a l  k e t o n e s .
] r ~ N i t r o b e n z y l i d e n e a c e t o n e
( i )  ( ( i )  3 . 8 2 ,  ( i i )  4 . 0 1  g . ) and ( l l )  ( ( i )  0 . 2 7 ,  ( i i )
0 . 3 1  g . ) ?  o b t a i n e d  as e x p l a i n e d  a b o v e ,  were  combined;  most o f  
t h e  combined s o l i d s  were  d i s s o l v e d  i n  be nzen e  (1 2 5 0  m l . ) ,  and 
t h e  r e m a i n i n g  t a r r y  r e s i d u e  d i s s o l v e d  i n  0 . 5 $  a c e to n e  i n  b e nzen e  
( 2 5 0  m l . ) ;  t h e  two s o l u t i o n s  were  a p p l i e d  s u c c e s s i v e l y  t o  a 
s i l i c a  column (2 8  x  1 . 5  c m . ) ,  and c h r o m a to g r a p h e d .  The f o l l o w ­
i n g  f r a c t i o n s  w ere  c o l l e c t e d ; -
A -  be n ze n e  ( ( i ) ,  ( i i )  12 5 0  m l . ) ,  f o l l o w e d  by  0 . 5 $  a c e to n e  i n
b e nzen e  ( ( i ) ,  ( i i )  25 0  m l . ) ,  gave R - n i t r o b e n z y l i d e n e a c e t o n e  
( ( i )  0 . 6 3  g . , ( 1 8 $ ) ,  ( i i )  0 . 7 2  g . , ( 1 8 $ ) ,  w h ic h  a f t e r  
r e c r y s t a l l i s a t i o n  f r o m  e t h a n o l  had m .p .  1 0 9 - 1 1 0 ° .
B — 0 . 5 $  a c e t o n e  i n  b e n z e n e  ( ( i )  2 2 5 0 ,  ( i i )  25 0 0  m l . ) ,  gave a 
s o l i d  ( ( i )  0 . 0 7 6 ,  ( i i )  0 . 0 1 1  g . ) .
£  — 1 $  a c e t o n e  i n  b e nzen e  ( ( i )  9 2 5 0 ,  ( i i )  87 5 0  m l . ) ,  gave
crud e  N - j x - n i t r o s t y r y l a c e t a m i d e  ( ( i )  1 . 9 9  g* , ( 4 7 $ ) ,  ( i i )  
2 . 2 0  g . , ( 5 2 $ ) ) ,  w h ic h  a f t e r  r e c r y s t a l l i s a t i o n  f i r s t  f ro m  
x y l e n e ,  and t h e n  f r o m  w a t e r ,  had m .p .  1 9 0 . 5 - 1 9 1 • 5 ° -  T h is  
compound was c h a r a c t e r i s e d  as shown on page 1 2 4  .
C o r b e t t  and Davey  [ 3 8 ]  r e p o r t  m. p .  1 5 5 °  f o r  t h i s  a m id e .
D -  2 $  a c e to n e  i n  benzen e  ( ( i ) ,  ( i i )  1 0 0 0  m l . ) ,  gave a m i x t u r e
o f  s o l i d s  ( ( i )  0 . 0 4 6 ,  ( i i )  0 . 0 7 8  g . ) «
E -  2 $  a c e to n e  i n  b e n zen e  ( ( i )  3 7 5 0 ,  ( i i )  4 0 0 0  m l . ) ,  f o l l o w e d  
by 3$  a c e to n e  i n  b e nzen e  ( ( i ) ,  ( i i )  1 2 5 0  m l . ) ,  gave  
cru d e  j ^ - n i t r o - N - m e t h y l c i n n a m a m i d e  ( ( i )  0 . 2 9  g*. , ( 7 $ ) ,
( i i )  0 . 2 5  g* , ( 6 $ ) ,  w h ic h  a f t e r  r e c r y s t a l l i s a t i o n ,  f i r s t  
f ro m  t o l u e n e ,  and t h e n  f ro m  w a t e r ,  had m. p .  2 1 6 - 2 1 7 * 5 ° .
m - N i t r o b e n z y l i d e n e a c e t o n e
The s o l i d s  ( l ) ( ( i )  4 * 0 2 ,  ( i i )  3 * 5 9  g . ) and ( l l )  ( ( i ) ,
( i i )  0 . 3 5  g * ) ,  o b t a i n e d  as e x p l a i n e d  on page 1 2 4 , were  combined
and d i s s o l v e d  i n  benzene  ( ( i ) ,  ( i i )  2500  m l . ) ,  and t h e  s o l u ­
t i o n s  w ere  c h ro m a to g ra p h e d  on a s i l i c a  column (2 8  x 1 . 5  c m . ) .
The f o l l o w i n g  f r a c t i o n s  w ere  c o l l e c t e d
- 1 1 7 -
A -  benzene  ( ( i ) ,  ( i i )  25 0 0  m l . ) ,  gave a y e l l o w  s o l i d  ( ( i )  0 . 2 7 ,
( i i )  0 . 4 4  g . ) >  w h ic h  on r e o r y s t a l l i s a t i o n  f ro m  e t h a n o l  
y i e l d e d  m - n i t r o b e n z y l i d e n e a c e t o n e  ( ( i )  0 . 1 8  g . , ( 5 $ ) ,
( i i )  0 . 3 4  g . ,  ( 9 % ) )  o f  m. p .  ( i )  9 8 - 9 9 ° ,  ( i i )  9 7 - 9 8 ° .
£  -  2 $  a c e to n e  i n  ben zen e  ( ( i )  1 1 5 0 ,  ( i i )  750  m l . ) ,  gave a 
y e l l o w  s o l i d  ( ( i )  0 . 1 0 ,  ( i i )  0 . 0 7 7  g . ) °
£  -  2$  a c e to n e  i n  benzene  ( ( i )  3 0 0 0 , ( i i )  3750  m l . ) ,  gave a
y e l l o w  s o l i d  ( ( i )  2 . 4 5  g . , ( 5 8 $ ) ,  2 . 3 3  g . , ( 5 5 $ ) ) ,  w h ich  
a f t e r  two r e c r y s t a l l i s a t i o n s  f r o m  aqueous e t h a n o l  gave  
N—m-n i t r o s t y r y l a c e t a m i d e . m .p .  l 6 0 - l 6 l ° .  (F o u n d :
c, 5 8 . 5 5 ;  H,  5 . 5 5 ;  N ,  1 3 . 6 5 . c1 0 hi o N2 ° 3  r e ( lu i r e s :
C, 5 8 , 2 5 ;  H,  4 . 9 ;  N,  1 3 . 6 $ ) ,  T h i s  amide was c h a r a c t ­
e r i s e d  as e x p l a i n e d  on page 1 2 4 .
D -  2 $  a c e to n e  i n  benzene ( ( i )  3 7 0 0 , ( i i )  3500  m l . ) ,  gave a 
m i x t u r e  o f  s o l i d s  ( ( i )  0 . 7 7 ,  ( H )  O. 6 5  g . ) .
E — 1 $  m e th a n o l  i n  benzene  ( ( i )  2 5 0 ,  ( i i )  500  m l . ) ,  gave a
m i x t u r e  o f  s o l i d s  ( ( i )  0 . 0 0 7 ,  ( i i )  0 . 0 2 0  g . )
F -  1 $  m e th a n o l  i n  benzene  ( ( i ) ,  ( i i )  500  m l . ) ,  f o l l o w e d  by
1 0 $  m e th a n o l  i n  b e n z e n e  ( ( i ) ,  ( i i )  250  m l . ) ,  gave c ru d e
m - n i t r o - N - m e t h y l c i n n a m a m i d e  ( ( i )  0 . 4 1  g . , ( 1 0 $ ) ,  ( i i )
O. 6 7  g . , ( 1 6 $ ) ) ,  w h ic h  on r e c r y s t a l l i s a t i o n , f i r s t  f r o m
x y l e n e ,  and t h e n  f r o m  aqueous e t h a n o l ,  had m. p .  1 9 3 - 1 9 4 ° .
The mixed f r a c t i o n s  D and E were combined and
r e o r y s t a l l i s e d  f r o m  a o e t o n e .  The s o l i d  o b t a i n e d  was c rud e  
m - n i t r o - N - m e t h y l c i n n a m a m i d e  ( ( i )  0 , 1 2  g. , ( 5 $ ) ,  ( i i )  0 . 1 4  g . , 
( 3 $ ) ) >  w h ic h  a f t e r  two r e c r y s t a l l i s a t i o n s  f r o m  x y l e n e  had m. p ,  
1 9 3 -1 9 4 ° ®  The f i l t r a t e  was e v a p o r a t e d  to  d r y n e s s ,  and th e  
s o l i d  w h ic h  r e m a in e d  was a n a l y s e d  f o r  N - m - n i t r o s t y r y l a c e t a m i d e  
by  h y d r o l y s i n g  t h e  m i x t u r e  i n  t h e  p r e s e n c e  o f  B r a d y ’ s r e a g e n t .  
Under  t h e s e  c o n d i t i o n s  N-m— n i t r o  s t y r y l a c e t a m i d e  i s  h y d i *o ly s e d  
t o  m—n i t r o p h e n y l a c e t a l d e h y d e , w h ic h  was i s o l a t e d  as i t s
2 , 4 - d i n i t r o p h e n y l h y d r a z o n e . The s o l i d  was d i s s o l v e d  i n  methane  
( 2 0  m l . ) ,  B r a d y ’ s r e a g e n t  ( 2 0  m l . )  was a d d e d ,  th e  m i x t u r e  was 
h e a t e d  u n d e r  r e f l u x  f o r  20  m i n , , c o o le d  i n  an i c e  b a t h ,  and th e  
s o l i d  w h ic h  fo rm e d  was f i l t e r e d  o f f  and r e c r y s t a l l i s e d  f r o m  
e t h a n o l ;  t h e r e  r e s u l t e d  t h e  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  o f  
m - n i t r o p h e n y l a c e t a l d e h y d e  ( ( i ) ,  ( i i )  0 . 3 2  g * ) ,  o f  m. p .  1 5 2 - 1 5 3 ° ;  
f u r t h e r  r e c r y s t a l l i s a t i o n  f r o m  e t h a n o l  gave t h e  p u re  compound 
m .p .  1 5 2 - 1 5 3 ° .  (F o u n d :  C, 4 8 . 9 5 ;  H,  3 . 2 ;  N,  2 0 . 5 .
C ^ N  0 fi r e q u i r e s :  C, 4 8 . 7 ;  H,  3 * 2 ;  N,  2 0 . 3 $ ) .  The
q u a n t i t i e s  o f  th e  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  o b t a i n e d  a r e  
e q u i v a l e n t  to  N - m - n i t r o s t y r y l a c e t a m i d e  ( ( i ) ,  ( i i )  0 . 1 9  g . ( 4 $ ) ) .  
Thus t h e  t o t a l  y i e l d  o f  N-m—n i t r o s t y r y l a c e t a m i d e  i s  ( ( i )  2 . 6 4  g* 
( 6 2 $ ) ,  ( i i )  2 . 5 2  g . ,  ( 60$ ) ,  and o f  m - n i t r o - N - m e t h y l c i n n a m a m i d e  
( ( i )  0 . 5 3  S . ,  ( 1 2 % ) ,  ( i i )  0 . 8 1  g . ,  ( 1 9 % ) .
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THE BECKMANN REARRANGEMENT OF THE a-OXIMES OF 
BENZYLIDENEACETONE, & - N IT R O -  AND m-NITROBENZYLIDENEACETONES
(The  r e s u l t s  o f  t h e s e  r e a r r a n g e m e n t s  a r e  summarised i n  T a b le  6 ,  
page 9 2 . )
The P r e p a r a t i o n  o f  t h e  Oximes
A m i x t u r e  o f  t h e  k e t o n e  ( 5  g . )  and h y d r o x y l a m i n e  
h y d r o c h l o r i d e  ( 5  8 * )  9 i * 1 e t h a n o l  ( 1 0 0  m l . )  and aqueous sodium  
h y d r o x i d e  ( 5 $ *  50 m l . ) ,  was h e a t e d  on t h e  steam b a t h  f o r  15 
m i n . ,  and th e n  p o u re d  i n t o  w a t e r  (6 0 0  m l . ) ;  t h e  c rud e  oxime  
was f i l t e r e d  o f f ,  and r e c r y s t a l l i s e d  as d e s c r i b e d  b e lo w .
B e n z y l i d e n e a c e t o n e  a - o x i m e , on r e c r y s t a l l i s a t i o n ,  f i r s t  
f r o m  aqueous e t h a n o l ,  and t h e n  f r o m  b e n z e n e - l i g h t  p e t r o l e u m ,  
gave n e e d l e s ,  m . p .  1 1 7 —1 1 8 °  (A uw ers  and Von B r i n k  [ 5 7 ]  r e p o r t  
m . p .  1 1 6 ° ) .  £ ~ N i t r o b e n z y l i d e n e a c e t o n e  a - o x im e  y i e l d e d ,  a f t e r  
r e c r y s t a l l i s a t i o n  f r o m  e t h a n o l ,  y e l l o w  n e e d l e s ,  m .p .  1 9 1 * 5 —1 9 2 . 5C 
( d e c o m p . ) .  ( C o r b e t t  and Davey [ 3 8 ] r e p o r t  m . p .  1 8 5 ° ,  and 
M a l i n o w s k i  [ 6 5 ] r e c o r d s  m .p .  1 8 6 - 1 8 8 ° ) .  m - n i t r o b e n z y l i d e n e -  
a c e t o n e  a —o x i m e , on r e c r y s t a l l i s a t i o n ,  f i r s t  f r o m  e t h a n o l ,  and 
t h e n  f r o m  t o l u e n e ,  gave y e l l o w  n e e d l e s ,  m . p .  1 7 3 - 1 7 4 °  ( d e c o m p . ) .
(F o u n d :  C, 5 8 . 4 5 *  H,  5 * 0 ;  N,  1 3 . 8 .  ci o ^ 1 0 N2 G3 r e Gu i r e s  :
C, 5 8 . 2 5 ;  H,  4 . 9 ;  N,  1 3 . 6$ ) .
The Beckmann R e a r ra n g e m e n t  o f  B e n z y l i d e n e a c e t o n e  a~Oxime i n  
P o ly -p h o s p h o r ic  A o id
The ox ime ( 5  g .  ) was d i s s o l v e d  i n  p o l y p h o s p h o r i c  a c i d  
( 6 0  g . ) ,  s u r ro u n d e d  by an o i l  b a t h  a t  8 0 ° ;  t h e  b a t h  t e m p e r a ­
t u r e  was r a i s e d  t o  c a . 1 3 0 ° ,  and k e p t  a t  t h i s  l e v e l  f o r  10 min 
The m i x t u r e  was p o u re d  i n t o  i c e - w a t e r  ( 1 0 0  m l . ) ,  and t h e  
y e l l o w  s o l i d  t h u s  fo rm e d  was f i l t e r e d  o f f  and d i s t i l l e d  u n d e r  
r e d u c e d  p r e s s u r e ,  c o l l e c t i n g  th e  f r a c t i o n  b . p .  2 0 5 - 2 1 0 ° / l 8  mm., 
w h ic h  s o l i d i f i e d  t o  g i v e  a w h i t e  s o l i d  ( 0 . 6 7  g . ) .  I t ,
2 - p h e n y l n a p h t h a l e n e , had m .p .  1 0 0 - 1 0 0 . 5 °  ? a f t e r  t h r e e  r e c r y s t — 
a l l i s a t i o n s  f r o m  aqueous e t h a n o l .
The Beckman R e a r ra n g e m e n t  o f  B e n z y l i d e n e a c e t o n e  a —Oxime i n  a 
M i x t u r e  o f  P ho sph orus  P e n t a o h l o r i d e  and E t h e r
( D u p l i c a t e  r u n s  w ere  p e r f o r m e d ;  t h e  r e s u l t s  a r e  summarised i n  
T a b l e  6 ,  page 9 2 i
The oxime ( l  g . ) was d i s s o l v e d  i n  d r y  e t h e r  ( 4 0  m l . ) ,  
s u r ro u n d e d  by  an i o e  b a t h ,  and f i n e l y  pow dered  phosphorus  
p e n t a o h l o r i d e  (2  g . ) was added ;  a w h i t e  s o l i d  s e p a r a t e d .  The 
m i x t u r e  was l e f t  f o r  1 h o u r ,  th e n  p o u re d  i n t o  i c e —w a t e r  ( 4 0  m l . )  
and t h e  w h o le  was shaken u n t i l  t h e  w h i t e  s o l i d  had d i s a p p e a r e d .  
The e t h e r a l  l a y e r  was s e p a r a t e d ,  washed w i t h  w a t e r  (2  x 20 m l . ) ,  
d r i e d  (N a ^ S O ^ ) ,  and t h e  s o l v e n t  was d i s t i l l e d  o f f ;  t h e r e  r e ­
m aine d  a w h i t e  s o l i d  ( ( i )  0 . 8 5  g . , ( i i )  0 . 7 1  g . ) .  T h i s  was
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A -  benzene  ( ( i )  5 9 0 ,  ( i i )  300 m l . ) ,  gave a y e l l o w  gum.
B -  benzene  ( ( i )  1 2 8 0 ,  ( i i )  800  m l . ) ,  gave N—s t y r y l a c e t a m i d e  
( ( i )  0 . 3 7  g * , ( 3 7 $ ) ,  ( i i )  0 . 3 1  g . , ( 3 1 $ ) ) ,  w h ic h  a f t e r  
r e o r y s t a l l i s a t i o n  fo r m  a c e t o n e - l i g h t  p e t r o l e u m  had m. p .  
1 1 1 - 1 1 2 ° .
The Beckmann R e a r r a n g e m e n t  o f  th e  a —Oximes o f  jd— N i t r o — and 
m - N i t r o - b e n z y l i d e n e a c e t o n e s  i n  a T h i o n y l  C h l o r i d e  and 
Benzene M i x t u r e
( D u p l i c a t e  r u n s  w ere  p e r f o r m e d ;  t h e  r e s u l t s  a r e  summarised  
i n  T a b le  6 ,  page 9 2 . )
The ox ime ( 0 . 5  g* ) was d i s s o l v e d  i n  d r y  benzen e  ( 1 5 0  m l . )  
t h i o n y l  c h l o r i d e  ( 1 . 5  m l . )  was ad d e d ,  and t h e  m i x t u r e  was 
l e f t  f o r  18 h o u rs  a t  room t e m p e r a t u r e ;  a s o l i d  s e p a r a t e d .
The m i x t u r e  was t h e n  p o u re d  i n t o  w a t e r  ( 1 0 0  m l . ) ,  and t h e  w h o le  
was t h e n  shaken u n t i l  t h e  s o l i d  had d i s a p p e a r e d :  th e  be n zen e
l a y e r  was s e p a r a t e d ,  washed w i t h  aqueous sodium c a r b o n a t e ,  
d r i e d  (N a ^ S O ^ ) ,  and f i l t e r e d  on t o  an a lu m i n a  column  
( 1 8  x 1 . 5  c m , ) ,  and c h ro m a to g ra p h e d  as d e s c r i b e d  u n d e r  th e  
i n d i v i d u a l  o x im e s .
d i s s o lv e d  in  benzene ( 1 0  m l . ) ,  and the so lu t io n  was chromato­
graphed on an alumina -column (20 x 1.5 cm .) .  The f o l l o w in g
f r a c t i o n s  were c o l l e c t e d  : —
j r - N i t r o b e n z y l i d e n e a c e t o n e  a -O x im e
The f o l l o w i n g  f r a c t i o n s  w ere  c o l l e c t e d
A -  b e nzen e  ( ( i )  2 0 0 ,  ( i i )  250  m l . ) ,  f o r e r u n .
B -  1 $  a c e to n e  i n  b e nzen e  ( ( i )  6 0 0 ,  ( i i )  750  m l . ) ,  gave un­
r e a c t e d  ox ime ( ( i )  0 . 2 7  g . , (54$), ( i i )  0 . 2 2  g . , (44$),
w h ic h  a f t e r  r e c r y s t a l l i s a t i o n  f r o m  e t h a n o l  had m. p .  
1 9 0 - 1 9 1 °  ( d e o o m p . ) .
C_ -  0 . 5 $  m e th a n o l  i n  b e n z e n e  ( ( i )  1 0 0 0 ,  ( i i )  500  m l . ) ,  f o l l o w e d  
by 1 $  m e th a n o l  i n  be n zen e  ( ( i )  o n l y ,  250  m l . ) ,  gave a 
y e l l o w  gum ( ( i )  0 . 0 1 3 ? ( i i )  0 . 0 2 2  g . ) .
D_ -  1 $  m e th a n o l  i n  benzene  ( ( i ) ,  ( i i )  500 m l . ) ,  gave N~p_—
n i t r o s t y r y l a c e t a m i d e ( ( ( i )  0 . 0 9 7  g .  ? ( 1 9 $ ) ,  ( i i )  0 . 0 2 0  g . , 
( 4 0 $ ) ) ,  w h ic h  a f t e r  r e c r y s t a l l i s a t i o n ,  f i r s t  f r o m  x y l e n e ,  
and t h e n  f r o m  aqueous e t h a n o l  had m .p .  1 9 0 • 5 - 1 9 1 • 5 ° *
T h is  s o l i d  was c h a r a c t e r i s e d  as e x p l a i n e d  on page 124®
m—N i t r o b e n z y l i d e n e a c e t o n e  a —Oxime
The f o l l o w i n g  f r a c t i o n s  w ere  c o l l e c t e d
A — 1 $  a c e t o n e  i n  b e n ze n e  ( ( i ) ,  ( i i )  250 m l . ) ,  gave a brown gum.
B -  1 $  a c e to n e  i n  b e nzen e  ( ( i ) ,  ( i i )  750  m l . ) ,  gave u n r e a c t e d
oxime ( ( i )  0 . 1 3  g . > ( 26$ ) ,  ( i i )  0 . 1 4  g * ? ( 2 9 $ ) ) ?  o f  m. p .  
1 7 3 - 1 7 4 °  ( d e c o m p . ) ,  a f t e r  two r e c r y s t a l l i s a t i o n s  f r o m  
t o l u e n e .
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C_ — 1 $  m e th a n o l  i n  b e nzen e  ( ( i ) ,  ( i i )  250  m l . ) ,  gave a brown  
gum ( ( i )  0 . 0 1 4 ,  ( i i )  0 . 0 2 8  g . ) .  
jD -  1 $  m e th a n o l  i n  be n zen e  ( ( i )  4 2 0 , ( i i )  4 9 0  m l . ) ,  gave
N - m - n i t r o s t y r y l a c e t a m i d e  ( ( i )  0 . 2 1  g . , ( 4 1 $ ) ,  ( i i )  0 . 2 4  
( 4 7 $ ) ) ,  w h ic h  had m. p .  l 6 0 - l 6 l °  a f t e r  two r e c r y s t a l l i s a  
t i o n s  f r o m  t o l u e n e .  T h is  s o l i d  was c h a r a c t e r i s e d  as 
e x p l a i n e d  on page 1 2 5 .
THE CHARACTERISATION OF THE N-STYRYLACETAMIDES
N - S t y r y l a c e t a m i d e , m. p .  1 1 1 - 1 1 2 ° .  Auwers and Von B r i n k  [ 3 7 ]  
r e p o r t  m .p .  1 0 5 - 1 0 6 ° .  (F o u n d :  C, 7 5 * 0 ;  H,  7 * 9 5 ;  N,  8 . 6 5 .
C a l c ,  f o r  C1 0 Hi :lN0 : C, 7 4 . 5 ;  H,  6 . 8 5 ;  N,  8 . 7 $ ) .  I t  was  
h y d r o l y s e d  as f o l l o w s  : -  t h e  amide ( 0 . 2  g .  ) was added to  h o t  
B r a d y ’ s r e a g e n t  ( 1 5  m l . ) ,  and th e  m i x t u r e  was h e a t e d  u n d e r  
r e f l u x  f o r  ■§• h o u r .  On c o o l i n g ,  g o ld e n  y e l l o w  n e e d l e s  o f  th e
2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  o f  p h e n y l a c e t a l d e h y d e  s e p a r a t e d ,  
w h ic h  a f t e r  t h r e e  r e c r y s t a l l i s a t i o n s  f r o m  e t h a n o l  had m . p ,  
1 2 2 - 1 2 3 ° ,  a l o n e  and when m ix e d  w i t h  an a u t h e n t i c  sample o f  
th e  same m. p .
The i n f r a - r e d  s p e c t ru m ^  o f  th e  amide shows a peak  f o r  
N - H  s t r e t c h  a t  3*06p. ,  and a peak  c h a r a c t e r i s t i c  o f  C = 0 
s t r e t c h  a t  5 * 9 9 n *
N - £ - N i t r o s t y r y l a c e t a m i d e , m .p .  1 9 0 . 5 - 1 9 1 . 5 ° .  C o r b e t t  and 
D avey [ 3 8 ] r e p o r t  m. p .  1 5 5 ° .  (Found : C . , 5 8 . 7 ;  H,  5 . 0 5 ;
N, 1 3 . 4 5 .  C a l c ,  f o r  : C, 5 8 . 2 5 ;  H,  4 . 9 ;  N, 1 3 .6 $ ) ,
I t  was h y d r o l y s e d  as f o l l o w s  t h e  amide ( 0 . 7 1  g . )  was
h e a t e d  u n d e r  r e f l u x  w i t h  2 N ~ s u l p h u r i c  a c i d  ( 5 0  m l . ) ,  u n t i l  a l l  
o f  th e  s o l i d  and th e  i n i t i a l  y e l l o w  c o l o u r a t i o n  o f  t h e  s o l u t i o n  
had d i s a p p e a r e d  ( 5  m i n . ) ,  and t h e n  i t  was h e a t e d  f o r  a f u r t h e r  
5 minv . On c o o l i n g  th e  r e s u l t i n g  e m u l s i o n ,  a s o l i d ,
s e p a r a t e d .  The m i x t u r e  was e x t r a c t e d  w i t h  e t h e r  ( 3  x  25 m l . ) ,
t h e  combined e x t r a c t s  w ere  d r i e d  (N a ^ S O ^ ) ,  and t h e  s o l v e n t  
was d i s t i l l e d  o f f ,  l e a v i n g  p a l e  y e l l o w  n e e d l e s  o f  j s - n i t r o  — 
p h e n y l a c e t a l d e h y d e  ( 0 . 6 2  g . ) ,  m . p .  8 3 - 8 5 ° .  R e c r y s t a l l i s a t i o n  
f r o m  l i g h t  p e t r o l e u m  r a i s e d  t h e  m. p .  t o  8 4 - 8 5 °  (Weermann [ 6 6 ]  
r e p o r t s  m .p .  8 5 —8 6 °  f o r  t h i s  compound'*. I t  gave an o x im e ,  
m .p .  1 5 6 - 1 5 7 ° ,  as c o l o u r l e s s  n e e d l e s  f r o m  b e n z e n e —l i g h t  
p e t r o l e u m  (Weermann [ 6 4 ] r e p o r t s  m .p .  1 5 5 ° ) .
The i n f r a - r e d  s p e c t ru m 3^  o f  t h e  amide showed a peak  
c h a r a c t e r i s t i c  o f  N — H s t r e t c h  a t  3 . 0 0 p ,  and one c h a r a c t e r i s t i c  
o f  C = 0 s t r e t c h  a t  5.92(_t.
N - m - N i t r o s t y r y l a c e t a m i d e , y e l l o w  n e e d l e s ,  m . p .  l 6 0 —1 6 1 ° .
(Found : C, 5 8 . 5 5 ;  H,  5 . 5 5 ;  N, 1 3 . 6 5 . ci o H1 0 N2 ° 3  r e ( lu i r e s  :
C, 5 8 . 2 5 ?  H,  4 . 9 ;  N, 1 3 . 6 $ ) .  I t  was h y d r o l y s e d  by th e
f o l l o w i n g  two methods
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( a )  The amide ( 1 . 1 8  g .  ) was added t o  b o i l i n g  2N—s u l p h u r i c
a c i d  ( 1 0 0  m l . ) ;  t h e  m i x t u r e  was b o i l e d  u n t i l  th e  y e l l o w  c o l o u r a ­
t i o n  had d i s a p p e a r e d  (2  m i n . ) ,  and t h e n  c o o l e d  i n  i c e .  The
r e s u l t i n g  w h i t e  s o l i d  was f i l t e r e d  o f f  and washed w i t h  w a t e r .  
A f t e r  two r e c r y s t a l l i s a t i o n s  f ro m  w a t e r ,  t h e  s o l i d ,  m—n i t r o — 
p h e n y l a c e t a l d e h y d e , had m . p .  7 7 - 7 8 °  (Weermann [ 66 ] r e p o r t s  m. p .  
7 8 - 7 9 0 f o r  t h i s  compound) .  I t  decomposed r a p i d l y  on s t a n d i n g  
i n  a i r .  The a t t e m p t e d  p r e p a r a t i o n  o f  a p u re  oxime was un— 
succe s s f u l »
( b )  The am ide ( 0 . 5  g .  ) was d i s s o l v e d  i n  m e th a n o l  ( 1 0  m l . )  
B r a d y ’ s r e a g e n t  ( 3 0  m l . )  was a d d ed ,  t h e  m i x t u r e  was b o i l e d  f o r
5 m i n . ;  c o o l e d ,  and t h e  g o ld e n  y e l l o w  n e e d l e s  w h ic h  s e p a r a t e d  
w ere  f i l t e r e d  o f f  and washed w i t h  m e t h a n o l .  The f i l t r a t e  and 
w a s h in g s  w e re  h e a t e d  u n d e r  r e f l u x  f o r  a f u r t h e r  15  m i n . ,  
when a f u r t h e r  c rop  o f  g o ld e n  n e e d l e s  s e p a r a t e d ,  w h ic h  w ere  
t r e a t e d  as b e f o r e .  The combined s o l i d s ,  a f t e r  r e c r y s t a l l i s a ­
t i o n  f r o m  e t h a n o l ,  had m .p .  1 5 0 - 1 5 1 ° *  R e p e a te d  r e c r y s t a l l i s a ­
t i o n  f r o m  e t h a n o l  gave t h e  p u re  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  o f  
n n - n i t r o p h e n y l a c e t a l d e h y d e , m. p .  1 5 2 . 5 - 1 5 3 ° ®  (Found : C, 4 8 . 9 5 ;  
H,  3 . 2 ;  N,  2 0 . 5 .  t y ^ t y ^ t y O ^  r e q u i r e s  : C, 4 8 . 7 ;  H,  3 . 2 ;
N,  2 0 . 3 $ ) .
The i n f r a - r e d  s p e c t ru m  o f  t h e  amide shows peaks  a t  
3 . l i p .  and 5 . 9 2 p ,  c h a r a c t e r i s t i c  o f  N -  H and G = 0 s t r e t c h .
THE REACTION BETWEEN HYDRAZOIC ACID AND p —N IT R O -  AND 
p-METHOXY~BENZYLIDENEACETONES I N  A MIXTURE OP CHLOROFORM , 
TRICHLORACETIC ACID AND ACETIC ACID
The R e a c t i o n  w i t h  p - N i t r o b e n z y l i d e n e a c e t o n e
To a s o l u t i o n  o f  p —n i t r o b e n z y l i & e n e a c e t o n e  ( 5  g * ) and  
t r i c h l o r o a c e t i c  a c i d  ( 2 5  g . ) ,  i n  c h l o r o f o r m  ( 2 5  m l . )  and a c e t i c  
a c i d  ( 2 5  m l . ) was added sodium a z i d e  ( 1 0  g . ) .  A f t e r  one week  
w a t e r  ( 5 0  m l . )  was a d d e d ,  th e  c h l o r o f o r m  l a y e r  was s e p a r a t e d ,
and t h e  aqueous l a y e r  was e x t r a c t e d  w i t h  c h l o r o f o r m  (2 5  m l . ) ;
th e  combined c h l o r o f o r m  s o l u t i o n s  w ere  washed w i t h  aqueous  
sodium c a r b o n a t e ,  d r i e d  ( N a 2 S0A ) ,  and th e  s o l v e n t  was e v a p o r a t e d  
o f f  i n  a s t re a m  o f  d r y  a i r .  T h e re  r e m a in e d  a s t i c k y  s o l i d  
( 5 - 7 3  g«) »  T h is  was d i s s o l v e d  i n  benzene  ( 1 0  m l . )  and chroma­
t o g r a p h e d  on a lu m i n a  ( 2 8  x 1 . 5  c m . ) .  The f o l l o w i n g  f r a c t i o n s  
w e re  c o l l e c t e d
A -  benzene  ( 4 0  m l . ) ,  f o r e r u n .
33 -  b e nzen e  ( 4 0 0  m l . ) ,  gave a y e l l o w  s o l i d  ( 5 . 4 9  g . ) >  w h ic h
a f t e r  r e o r y s t a l l i s a t i o n  f r o m  m e th a n o l  had m. p .  6 4 - 6 5 ° .  
(F oun d:  C, 5 1 . 2 ;  H, 4 . 4 5 ;  N, 2 3 . 8 5 .  C ^ H ^ N ^ O  r e ­
q u i r e s :  C, 5 1 . 3 ;  H,  4 * 3 ;  N,  2 3 . 9 $ ) .  The i n f r a - r e d
sp e c t ru m  o f  t h i s  s u b s t a n c e ,  p r o b a b l y
p —O ^ N .C ^H ^.C H (N 3 ) oCH2 . CO. CH^, shows th e  c h a r a c t e r i s t i c
The R e a c t i o n  w i t h  p —M e t h o x y b e n z y l i d e n e a o e t o n e
T h is  was c a r r i e d  o u t  as was th e  r e a o t i o n  w i t h  p - n i t r o — 
b e n z y l i d e n e a c e t o n e o  H o w e v er ,  when t h e  c h l o r o f o r m  s o l u t i o n s  
were  e v a p o r a t e d  to  d r y n e s s ,  p - m e t h o x y b e n z y l i d e n e a c e t o n e  
( 4 . 8 4  g . ) was r e c o v e r e d .
The D e c o m p o s i t io n  o f  th e  A z id e  d e r i v e d  f ro m  p - N i t r o b e n z y l i d e n e — 
a c e to n e  i n  S u l p h u r i c  A c id
To s u l p h u r i c  a c i d  ( 98$ ,  15 m l . ) ,  s t i r r e d ,  and s u r ro u n d e d  
by  an i c e —b a t h ,  was added t h e  a z i d e  ( l  g . ) ,  d u r i n g  5 m in .
The m i x t u r e  was t h e n  p o u re d  on t o  i c e  ( 1 0 0  g . ) ,  and a y e l l o w  
s o l i d  was f i l t e r e d  o f f .  X t  ( 0 . 5 5  g . ) ?  a f t e r  t h r e e  r e c r y s t a l l i — 
s a t i o n s  f r o m  e t h a n o l ,  had m. p .  1 8 4 . 5 - 1 8 5 * 5 ° •  (Found:  C, 5 8 . 2 ;
H,  4 . 9 ;  N ,  1 3 . 5 5 . c i o h i o N2 ° 3  re<l u : i r e s :  c ? 5 8 . 2 5 ;  H,  4 . 9 ;
N , 1 3 . 6 $ ) .
The H y d r o l y s i s  o f  t h e  S u b s ta n ce  m. p .  1 8 4 . 5 —1 8 5 . 5 °
The s u b s ta n c e  ( 0 ! 5  g . ) ?  o b t a i n e d  as a b o v e ,  was b o i l e d  
w i t h  2N—sodium h y d r o x i d e  f o r  5 m i n „ y and t h e  m i x t u r e  was  
t h e n  c o o le d  i n  i c e .  The y e l l o w  s o l i d  w h ic h  fo rm e d  was f i l t e r e d  
o f f ;  i t ,  p - n i t r o a n i l i n e , a f t e r  two r e c r y s t a l l i s a t i o n s  f ro m  
e t h a n o l ,  had m. p .  1 4 8 - 1 4 9 ° ?  a lo n e  and when m ixed  w i t h  an 
a u t h e n t i c  sample o f  t h e  same m. p .  „
peaks o f  the azido ( 4 . 7 2 p ) ,  and the carbonyl  g roup ( 5 « 8 5 (a) •
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THE REACTION BETWEEN N—METHYL—g —METHOXYCINNAMAMIDE AND 
SODIUM AZIDE IN  POLYPHOSPHORIC ACID
( D u p l i c a t e  ru n s  w ere  p e r f o r m e d ,  d e n o te d  by ( i )  and ( i i ) ) *
These r e a c t i o n s  w ere  c a r r i e d  o u t  u n d e r  t h e  s t a n d a r d  
c o n d i t i o n s  t h a t  had been used  fox* t h e  S c h m id t  r e a c t i o n  o f
m e t h o x y b e n z y l i d e n e a c e t o n e  (p age  1 0 9 ) ,  on a q u a r t e r  s c a l e ,
and u s i n g  i c e - c o l d  w a t e r  ( 1 7 5  m l . ) .  The aqueous s o l u t i o n  so 
o b t a i n e d  was e x t r a c t e d  w i t h  c h l o r o f o r m  ( 3  x 25 m l . ) ,  th e  
combined e x t r a c t s  w ere  washed w i t h  aqueous sodium c a r b o n a t e ,  
d r i e d  (N a ^ S O ^ ) ,  and th e  s o l v e n t  was d i s t i l l e d  o f f ;  t h e r e  r e ­
m a ine d  an i n t r a c t a b l e  t a r  ( ( i )  0 * 1 0 ,  ( i i )  0 * 1 2  g . ) .
The aqueous s o l u t i o n ,  f o l l o w i n g  c h l o r o f o r m  e x t r a c t i o n ,  
was d i s t i l l e d ,  r e m o v in g  50 m l . ;  t h e  d i s t i l l a t i o n  r e s i d u e s  
w ere  c o o l e d ,  made a l k a l i n e  w i t h  aqueous sodium h y d r o x i d e ,  and  
e x t r a c t e d  w i t h  e t h e r  (2  x  25 m l . ) .  The combined e t h e r a l  
e x t r a c t s  w e re  washed w i t h  w a t e r  ( 5 0  m l . ) ,  d r i e d  (N a ^ S O ^ ) ,  and  
th e  s o l v e n t  was d i s t i l l e d  o f f ; t h e r e  r e m a in e d  ^ - a n i s i d i n e  
( ( i )  0 . 4 0  g . , ( 6 5 $ ) ,  ( i i )  0 . 3 2  g . ,  ( 5 2 $ ) ) ,  as a y e l l o w  s o l i d ,  
w h ic h  a f t e r  r e c r y s t a l l i s a t i o n  f r o m  w a t e r  had m. p .  ( i )  56 - 5 7 ° ,
( i i )  5 7 - 5 8 ° ,  and m ixe d  m. p .  ( i ) ,  ( i i )  57 —5 8 °  w i t h  an a u t h e n t i c  
specimen o f  t h e  same m. p .
THE REACTION OF METHYL VINYL KETONE, METHYL isoPROFBNYL 
KETONE AND MESITYL OXIDE WITH HYDRAZOIC ACID I N  CONCENTRATED
HYDROCHLORIC ACID
(The  s t a n d a r d  c o n d i t i o n s  d e s c r i b e d  b e lo w  w ere  used f o r  a l l  
t h r e e  k e t o n e s .  D u p l i c a t e  e x p e r i m e n t s  w ere  p e r f o r m e d .  The 
r e a c t i o n  t i m e s  and t h e  p r o d u c t s  o b t a i n e d  a r e  shown i n  T a b le  
page 9 3 . )
To t h e  k e t o n e  ( 0 . 0 5  m o l e . )  i n  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d  (60  m l . ) ,  s t i r r e d ,  and s u r ro u n d e d  by  a w a t e r  b a t h  a t  
20 ( i  1 ° ) ,  was added sodium a z i d e  ( 4 . 0 5  g . , 0 . 0 6 2 5  m o l e . ) ,  
i n  p o r t i o n s  d u r i n g  1 h o u r .  The r e a c t i o n  was a l l o w e d  t o  con­
t i n u e  u n t i l  t h e  e v o l u t i o n  o f  gas had c e a s e d .  W i t h  m e t h y l  
v i n y l  k e to n e  and m e s i t y l  o x i d e ,  s t i r r i n g  and t e m p e r a t u r e  c o n t r o l  
w ere  d i s c o n t i n u e d  a f t e r  10  h o u r s .  The m i x t u r e  was p o u re d  
i n t o  i c e  w a t e r  (6 0 0  m l . ) .
The I s o l a t i o n  o f  th e  P r o d u c t s
The s o l u t i o n  f ro m  above was e x t r a c t e d  w i t h  c h l o r o f o r m  
( l  x  5 0 , 3 ^ 2 5  m l . ) ,  t h e  combined e x t r a c t s  w ere  washed w i t h  
aqueous sodium hy dro g en  c a r b o n a t e ,  d r i e d  (N a ^ S O ^ ) ,  and t h e  
s o l v e n t  was d i s t i l l e d  o f f .  T h e re  r e m a in e d  an o i l  ( i ) .  The 
aqueous s o l u t i o n ,  f o l l o w i n g  c h l o r o f o r m  e x t r a c t i o n ,  was d i s t i l l e d  
u n t i l  p o r t i o n s  o f  t h e  d i s t i l l a t e  ( l l )  no l o n g e r  gave a
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p r e c i p i t a t e  w i t h  B r a d y ’ s r e a g e n t .  The d i s t i l l a t i o n  r e s i d u e s  
w ere  c o o l e d ,  made s t r o n g l y  a l k a l i n e  w i t h  sodium h y d r o x i d e ,  and 
t h e n  d i s t i l l e d  i n t o  h y d r o c h l o r i c  a c i d  ( 1 : 1 ,  10 m l . )  u n t i l  p o r ­
t i o n s  o f  th e  d i s t i l l a t e  ( i l l )  w ere  no l o n g e r  a l k a l i n e .  The 
d i s t i l l a t i o n  r e s i d u e s  ( I V )  w ere  k e p t .
The d i s t i l l a t e  ( i l l ) ,  i n  h y d r o c h l o r i c  a c i d ,  was d i s t i l l e d ,  
c o l l e c t i n g  t h e  d i s t i l l a t e  ( V )  u n t i l  i t  no l o n g e r  gave a p r e ­
c i p i t a t e  w i t h  B r a d y ’ s r e a g e n t .  D i s t i l l a t i o n  was c o n t i n u e d  
u n t i l  o n l y  a s m a l l  vo lume o f  t h e  r e s i d u e s  r e m a i n e d .  The l a t t e r
were e v a p o r a t e d  t o  d r y n e s s  on t h e  steam b a t h .  The p r o d u c t ,  a
s o l i d  b a s e —h y d r o c h l o r i d e  ( V I )  was t h e n  oven d r i e d .
( I I )  and ( V )  w ere  b o t h  t r e a t e d  w i t h  B r a d y ’ s r e a g e n t  
u n t i l  p r e c i p i t a t i o n  was c o m p l e t e .  The p r e c i p i t a t e s  ( V I I )  and 
( V I I I )  w ere  f i l t e r e d  o f f  and d r i e d .
The R e a c t i o n  o f  M e t h y l  V i n y l  K e to ne
i n  -  An i n t r a c t a b l e  brown o i l  ( ( i )  0 , 3 2 ,  ( i i )  0 . 3 8  g . ) ®
( V I )  -  A brown s o l i d .  T h i s  was ground  u n d e r  e t h a n o l ,  th e  
m i x t u r e  was f i l t e r e d ,  and t h e  r e s i d u e  was washed w i t h  e t h a n o l .
The s o l i d ,  ammonium c h l o r i d e  ( ( i )  0 . 5 2 g . , ( 1 9 $ ) ,  ( i i )  0 . 5 0  g . , 
( 1 8 $ ) ) ,  was i d e n t i f i e d  by  i t s  p i c r a t e ,  m. p .  2 7 9 - 2 8 0 °  ( d e c o m p . )
a l o n e  and when m ixed  w i t h  an a u t h e n t i c  sample o f  t h e  same m. p .
( C o r t  [ 6 7 ] r e c o r d s  m. p .  2 8 7 - 2 9 0 °  f o r  t h i s  p i c r a t e ) .
( V I I ) -  A r e d  s o l i d .  I n  t h e  p r e p a r a t i o n  o f  t h i s ,  o n l y  a sample  
( ( i ) ,  ( i i )  50 m l . )  o f  ( l l ) ,  o u t  o f  a t o t a l  vo lume o f  ( ( i )  1 5 1 ,
( i i )  252 m l . )  was used t o  p r e p a r e  th e  2 , 4 —d i n i t r o p h e n y l h y d r a z o n e  
The l a t t e r  was washed w e l l  w i t h  m e th a n o l  and th e n  w i t h  b e n z e n e .  
T h e re  r e m a in e d  t h e  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  o f  d i a o e t y l
( ( i )  O . 6 7 ? ( i i )  0 . 3 2  g . ) .  These q u a n t i t i e s  a r e  e q u i v a l e n t  to  
( ( i )  1 . 7 5  g .  9 ( 8 $ ) ,  ( i i )  1 . 6 2  g . , ( 7 $ ) )  f o r  t h e  w h o le  o f  ( l l ) .  
A f t e r  r e o r y s t a l l i s a t i o n  f r o m  b e n z a ld e h y d e  th e  2 , 4 - d i n i t r o p h e n y l * "  
h y d ra z o n e  had m. p .  3 1 5 - 3 1 6 °  ( d e o o r a p . ) ,  a lo n e  and when m ixed  w i t h  
an a u t h e n t i c  sample o f  t h e  same m. p .
To t h e  r e m a i n d e r  o f  ( I I )  was added h y d r o x y la m in e  h y d r o ­
c h l o r i d e  (2  g . ) and sodium a c e t a t e  ( 3  g .  ) , and t h e  m i x t u r e  was 
h e a t e d  on th e  steam b a t h  f o r  1 h o u r .  A f t e r  c o o l i n g  c o l o u r l e s s  
n e e d l e s  o f  d i m e t h y I g l y o x i m e  s e p a r a t e d ,  w h ic h  a f t e r  two r e c r y s t a l  
l i s a t i o n s  f ro m  e t h a n o l  had m . p .  2 4 4 - 2 4 5 ° ,  a l o n e  and when m ixed  
w i t h  an a u t h e n t i c  sample o f  th e  same m. p .
( V I I I )  -  None
The R e a c t i o n s  o f  M e t h y l  i s o P r o p e n y i  K e to n e
i l l  -  An i n t r a c t a b l e  brown o i l  ( ( i ) 1 . 4 3 j  ( i i )  1 . 5 2  g . ) .
( V I )  -  A brown s o l i d .  T h i s  was ground un d e r  e t h a n o l ,  th e  
m i x t u r e  was f i l t e r e d ,  and t h e  r e s i d u e  was washed w i t h  e t h a n o l .  
T h e re  r e m a in e d  a w h i t e  s o l i d ,  ammonium c h l o r i d e  ( ( i )  0 . 4 4  g . , 
( 1 6 $ ) ,  ( i i )  0 . 4 3  g . , ( 1 6 $ ) ) ,  w h ic h  was i d e n t i f i e d  t h r o u g h  i t s
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b e n z o a t e ,  m . p ,  1 2 7 —1 2 8 ° ,  a lo n e  and when m ixed  w i t h  be n za m id e  o f  
th e  same m. p ,
( V I I ) -  A y e l l o w  s o l i d  ( ( i )  0 . 1 7 ,  ( i i )  0 . 1 6  g . ) *  T h i s  was 
d i s s o l v e d  i n  b e nzen e  ( 1 0  m l . ) ,  and s u b j e c t e d  to  c h ro m a to g ra p h y  
on a lu m in a  ( 1 2  x  1 . 5  c m . ) .  The f o l l o w i n g  f r a c t i o n s  w ere  
c o l l e c t e d  :~
A — f o r e r u n ,  b e n z e n e  ( ( i ) ,  ( i i )  50 m l . ) ,
B -  a y e l l o w - b r o w n  b a n d ,  be nzen e  ( ( i )  1 5 0 ,  ( i i )  170  m l . ) ,  gave  
a y e l l o w  s o l i d ,  w h ic h  a f t e r  r e o r y s t a l l i s a t i o n  f ro m  
e t h a n o l  gave t h e  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  o f  m e t h y l  
e t h y l  k e t o n e  ( ( i )  0 . 0 5 1 ,  ( i i )  O .O65 g - ) ,  o f  m . p .  ( i )
1 0 9 - 1 1 0 ° ,  ( i i )  1 1 0 —1 1 1 ° ,  and when m ixe d  w i t h  an a u t h e n t i c  
specimen ( o f  m . p .  1 1 0 —1 1 1 ° )  had m .p .  ( i ) ,  ( i i )  1 1 0 —1 1 1 ° ,
( V I I I )  -  An o ra n g e  s o l i d  ( ( i )  0 . 1 8 ,  ( i i )  0 . 2 0  g . ) *  T h i s  was 
c h ro m a to g ra p h e d  as ( V X X ) ,  The f o l l o w i n g  f r a c t i o n s  w ere  
c o l l e c t e d
A — A y e l l o w —brown b a n d ,  b e nzen e  ( ( i )  1 5 0 ,  ( i i )  130  m l . ) ,  gave  
a y e l l o w  s o l i d ,  w h ich  a f t e r  f o u r  r e c r y s t a l l i s a t i o n s  f r o m  
e t h a n o l  gave t h e  2 , 4 “ d i n i t r o p h e n y l h y d r a z o n e  o f  m e t h y l  
e t h y l  k e t o n e  ( ( i )  0 . 0 6 1 , ( i i )  0 . 0 6 2  g . ) ,  m. p .  1 1 0 - 1 1 1 ° ,  
a lo n e  and when m ixed  w i t h  an a u t h e n t i c  s p ec im en .
Hence t h e  t o t a l  w e i g h t  o f  th e  2 , 4 —d i n i t r o p h e n y l h y d r a z o n e  
o f  m e t h y l  e t h y l  k e t o n e  i s  ( ( i )  0 . 1 1  g . , ( l $ ) ,  ( i i )  0 . 1 2  g . , ( l $ ) ) .
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The R e a c t i o n  o f  M e s i t y l  O x ide
in -  A b l a c k  s o l i d  (( i ) 0 . 5 0 ,  ( i i )  0 . 6 l  g . ) .  T h i s  was d i s s o l v ­
ed i n  b e nzen e  ( 2 0  m l . ) ,  and s u b j e c t e d  t o  c h r o m a to g ra p h y  on 
a lu m i n a  ( 1 5  x 1 . 5  c m . ) .  The f o l l o w i n g  f r a c t i o n s  w ere  c o l l e c t e d ; - -
A -  benzen e  ( ( i )  2 2 0 ,  ( i i )  350 m l . ) ,  gave a s t i c k y  s o l i d ,  w h ic h  
a f t e r  f o u r  r e c r y s t a l l i s a t i o n s  f ro m  a c e t o n e - l i g h t  p e t r o l e u m  had  
m .p .  9 5 - 9 6 ° .  (P ou nd :  C, 4 8 , 5 ;  H, 8 . 1 ;  N, 9 .0 .  C g lL -N C lO
r e q u i r e s ;  G, 4 8 . 1 5 *  H, 8 . 1 ;  N, 9 *3 5 $ )®  T h i s  s u b s t a n c e ,  w h ic h  
gave a p o s i t i v e  L a s s a ig n e  t e s t  f o r  c h l o r i n e ,  was n o t  f u r t h e r  
c h a r a c t e r i s e d .
( V I ) — A brown s o l i d *  T h i s  was b e n z o y l a t e d  by t h e  S c h o t t e n -  
Baumann t e c h n i q u e ,  u s i n g  b e n z o y l  c h l o r i d e  ( 5  m l . ) .  A y e l l o w  
o i l  s e p a r a t e d  f ro m  t h e  s o l u t i o n .  The m i x t u r e  was e x t r a c t e d  
w i t h  e t h y l  a c e t a t e  ( 2  x  25 m l . ) ,  and th e  combined e x t r a c t s  
w ere  washed w i t h  w a t e r  ( 2 5  m l . ) ,  d r i e d  (N a g S O ^ ) ,  and t h e  s o l v e n t  
was d i s t i l l e d  o f f .  The r e s u l t i n g  y e l l o w  o i l  was d i s s o l v e d  i n  
be n ze n e  ( 2 0  m l . ) ,  and c h ro m a to g ra p h e d  on a l u m i n a  ( 1 5  x 1 . 5  c m . ) .  
The f o l l o w i n g  f r a c t i o n s  w ere  c o l l e c t e d
A -  benzene  ( ( i ) *  ( i i )  1 0 0  m l . ) ,  f o r e r u n .
B -  b e nzen e  ( ( i ) ,  ( i i )  1 0 0 0  m l . ) ,  gave a s t i c k y  y e l l o w  s o l i d ,
N -m e t h y lb e n z a m id e  ( ( i ) ,  ( i i )  1 . 7 1  g®* ( 2 5 $ ) ) *  w h ic h  a f t e r  
two r e c r y s t a l l i s a t i o n s  f r o m  a c e t o n e - l i g h t  p e t r o l e u m  had  
m .p .  8 0 . 5 - 8 1 . 5 ° ?  a l o n e ,  and when m ixed  w i t h  an a u t h e n t i c  
specimen o f  t h e  same m .p .
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£  -  2 $  m e th a n o l  i n  b e n z e n e  ( ( i )  1 0 0 ,  ( i i )  50 m l . ) ,  gave a
y e l l o w  s o l i d ,  b e n z a m id e  ( ( i )  1 . 0 8  g . ? ( l 8 $ ) ,  ( i i )  0 . 9 5  g.  
( l 6 $ ) ) ,  w h ic h  a f t e r  r e o r y s t a l l i s a t i o n  f ro m  e t h y l  a c e t a t e  
l i g h t  p e t r o l e u m  had m .p .  1 2 7 —128°<>
( V I I )  -  None.
( V I I I )  -  A y e l l o w  s o l i d  ( ( i )  0 . 2 2 ,  ( i i )  0 . 1 2  g . ) .  T h is  was 
d i s s o l v e d  i n  benzen e  ( 2 0  m l . )  and s u b j e c t e d  t o  c h ro m a to g ra p h y  
on a lu m i n a  ( 1 5  x 1 . 5  c m . ) .  The f o l l o w i n g  f r a c t i o n s  w ere  
c o l l e c t e d
A -  f o r e r u n ,  benzen e  ( ( i ) ,  ( i i )  100  m l . ) .
a y e l l o w  b a n d ,  be n zen e  ( ( i ) ,  ( i i )  250 m l . ) ,  gave th e
2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  o f  a c e t o n e  ( ( i )  0 . 1 5  g . , ( l $ )
( i i )  0 . 0 9 8  g . , ( l $ ) ) ,  w h ioh  a f t e r  r e o r y s t a l l i s a t i o n  f ro m  
e t h a n o l  had m .p .  1 2 5 - 1 2 6 ° ,  a l o n e ,  and when m ix ed  w i t h  an 
a u t h e n t i c  sample o f  t h e  same m.p#
THE PREPARATION OF THE AZIDES DERIVED FROM METHYL V INYL  
KETONE, METHYL isoPROPENYL KETONE AND MESITYL OXIDE
( D u p l i c a t e  p r e p a r a t i o n s  w e re  p e r f o r m e d ) .
The A z id e  f r o m  M e t h y l  V i n y l  K e to n e
To m e t h y l  v i n y l  k e t o n e  ( 3 * 5 0  g . , 0 * 0 5  m o l e . )  i n  a c e t i c  
a c i d  (2 0  m l . )  was added sodium a z i d e  ( 8  g . ) i n  w a t e r  ( 2 0  m l . ) .
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The m i x t u r e  was l e f t  f o r  1 h o u r ,  th e n  e x t r a c t e d  w i t h  e t h e r  
( 3  x 25 m l . ) .  The combined e x t r a c t s  w ere  washed w i t h  aqueous  
sodium c a r b o n a t e  u n t i l  no more carbon d i o x i d e  was e v o l v e d ,  
d r i e d  (Na^SO^), and t h e  s o l v e n t  was e v a p o r a t e d  o f f  i n  a s t re a m  
o f  d r y  a i r ,  T h e re  r e m a in e d  1—a z i d o b u t a n - 3 - o n e  ( ( i )  3 . 9 9  g .  , 
( 7 1 $ ) ,  3 . 5 3  g . , ( 6 2 $ ) ) .  I t  gave a s e m i c a r b a z o n e , n e e d l e s  f r o m  
w a t e r ,  m .p .  1 1 3 —1 1 4 ° ,  a l o n e  and when m ixed  w i t h  a sample syn­
t h e s i s e d  f r o m  1 —c h l o r o b u t a n —3 - o n e .  (F o u n d :  C, 3 5 . 4 ;  H, 5 * 8 ;
N, 4 9 . 4 .  C5 H1 0 N60 r e q u i r e s :  C, 3 5 . 3 ;  H ,  5 . 9 ;  N, 4 9 . 4 $ ) .  Th
i n f r a - r e d  sp ec t ru m  o f  t h e  s e m ic a rb a z o n e  showed a peak  a t  4 . 7 9 f i ,  
c h a r a c t e r i s t i c  o f  t h e  a z i d o  g r o u p .
The A z id e  f r o m  M e t h y l  i s o P r o p e n y l  K e to ne
The p r e p a r a t i o n  was c a r r i e d  o u t  as i n  th e  case  o f  m e t h y l  
v i n y l  k e t o n e ,  b u t  u s i n g  m e t h y l  i s o p r o p e n y l  k e t o n e  ( 4 . 2 1  g . ,
0 , 0 5  m o l e . ) ,  a c e t i c  a c i d  ( 3 0  m l . ) ,  and w a t e r  ( 3 0  m l . ) ,  and l e a v  
i n g  t h e  r e a c t i o n  m i x t u r e  f o r  4  h o u r s .  The a z i d e , p r o b a b l y
l - a z i d o - 2 ~ m e t h y l b u t a n ~ 3 - o n e  ( ( i )  3 . 6 0  g . , ( 5 7 $ ) ,  ( i i )  3 . 5 8  g . , 
( 5 6 $ ) ) ,  a c o l o u r l e s s  o i l ,  was n o t  f u r t h e r  p u r i f i e d .  I t  gave  
a s e m ic a r b a z o n e ,  n e e d l e s  f r o m  w a t e r  o r  e t h y l  a c e t a t e - l i g h t  
p e t r o l e u m ,  m .p .  9 4 . 5 - 9 5 . 5 ° .  (F o u n d :  C, 3 9 * 3 5 ;  H, 6 . 4 5 ;
N ,  4 5 . 4 5 ,  0^H1 2 N^0 r e q u i r e s :  C, 3 9 . 1 ;  H ,  6 . 5 5 ;  N, 4 5 . 65$ ) .
The i n f r a - r e d  s p e c t ru m  o f  th e  s em ic a i ’bazone showed a peak  
a t  4 * 7 5 ^ ,  c h a r a c t e r i s t i c  o f  th e  a z i d o  g r o u p .  By a n a lo g y  w i t h
-1 3 6 -
1 - a z i d o - 2 ~ m e t h y l b u t a n - 3 - o n e .
The A z id e  f r o m  M e s i t y l  O x ide
To m e s i t y l  o x i d e  ( 4 . 9 1  g . ,  0 . 0 5  m o l e . )  and t r i c h l o r o ­
a c e t i c  a c i d  ( 2 0  g .  ) i n  c h l o r o f o r m  ( 2 0  m l . )  and a c e t i c  a c i d  
( 2 0  m l . ) ,  was added sodium a z i d e  (8  g . ) ;  a f t e r  18 h o u r s ,  w a t e r  
( 5 0  m l . )  was a d d ed .  The c h l o r o f o r m  l a y e r  was s e p a r a t e d ,  and 
t h e  aqueous l a y e r  was e x t r a c t e d  w i t h  c h l o r o f o r m  (2 5  m l . ) ,  t h e  
c h l o r o f o r m  s o l u t i o n s  w ere  co m bined ,  washed w i t h  aqueous sodium  
c a r b o n a t e ,  d r i e d  (N a g S O ^ ) ,  and t h e  s o l v e n t  was e v a p o r a t e d  o f f  
i n  a s t re a m  o f  d r y  a i r .  T h e re  r e m a in e d  an a z i d e  ( 4 . 6 2  g . , 
( 6 1 $ ) ,  ( i i )  4 . 6 5  g . , ( 6 l $ ) ) ,  w h ioh  was n o t  f u r t h e r  p u r i f i e d .
I t  gave a s e m ic a r b a z o n e ,  n e e d l e s  f r o m  w a t e r ,  m .p .  1 3 0 . 5 - 1 3 1 • 5 °  
( d e c o m p . ) .  (F o u n d :  C, 4 2 . 4 *  H, 6 . 9 5 ;  N ,  4 1 . 0 5 .
r e q u i r e s :  0 ,  4 2 . 4 ;  H, 7 . 1 ;  N ,  4 2 . 4 $ ) .  The i n f r a - r e d  s p e c t ru m
o f  t h e  s e m ic a rb a z o n e  showed a peak  a t  4 . 6 l p ,  c h a r a c t e r i s t i c  
o f  t h e  a z i d o  g r o u p .  B oyer  [ 5 6 ] b e l i e v e s  t h i s  compound t o  be
2 - a z i d o - 2 ~ m e t h y l p e n t a n - 4 - o n e •
S y n t h e s i s  o f  t h e  S e m ic a rb a z o n e s  o f  th e  1 -  and 2 - a z i d o b u t a n - 3 - o n e s  
f r o m  t h e  1 -  and 2 - o h l o r o b u t a n —3 -o n e s  
P r e p a r a t i o n  o f  2 - C h l o r o b u t a n - 3 - o n e  
(M e th o d  o f  Korschun  [ 6 8 ] ) .
A s t e a d y  s t re a m  o f  a m i x t u r e  o f  c h l o r i n e  and c a rb o n  d i o x i d
the az ide  prepared  from methyl v in y l  ketone, i t  i s  p robab ly
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( b o t h  d r i e d  o v e r  s u l p h u r i c  a c i d )  was p a s s e d  i n t o  m e t h y l  e t h y l  
k e t o n e  ( 5 0  g .  ) ,  s u r ro u n d e d  by an i c e - w a t e r  b a t h ,  u n t i l  t h e  
w e i g h t  o f  t h e  m i x t u r e  had i n c r e a s e d  by 20 g . , when t h e  m i x t u r e  
was p o u re d  i n t o  w a t e r  ( 1 0 0  m l , ) .  The c o l o u r l e s s  o i l  was 
s e p a r a t e d ,  washed w i t h  w a t e r  ( 2  x 100  m l , ) ,  and d r i e d  (N a ^ S O ^ ) .  
I t  was t h e n  d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e ,  u s i n g  a 15 cm. 
column p a c ke d  w i t h  Fenske  h e l i c e s ,  and t h e  f r a c t i o n  b . p .  
5 2 - 5 3 ° / 8 5  mm. was c o l l e c t e d .  T h i s  was r e d i s t i l l e d ,  u s i n g  th e  
same co lu m n ,  and t h e  f r a c t i o n  b . p .  5 4 ~ 5 5 ° / 8 5  hid1, was c o l l e c t e d .  
I t  ( 1 3 * 3  g .  , ( 2 0 $ ) ,  a c o l o u r l e s s  l i q u i d ,  had b . p .  1 1 5 - l l 6 ° / 7 6 0 ° m r  
(K o rs c h u n  [ 6 8 ]  r e p o r t s  b . p .  l l 6 ° / 7 7 0  mm. f o r  t h i s  k e t o n e ) .
The P r e p a r a t i o n  o f  t h e  S e m ic a rh a z o n e  o f  2 - A z i d o b u t a n - 3 ~ o n e  
(M e th o d  o f  F o r s t e r  and F r i e z  [ 6 9 ] ) .
2 - C h l o r o b u t a n ~ 3 - o n e  ( 2 . 9  g . ) was suspended i n  a s o l u t i o n  
o f  sodium a z i d e  ( 2  g , ) i n  w a t e r  ( 1 0  m l . ) ,  and th e  m i x t u r e  was 
a c i d i f i e d  w i t h  a c e t i c  a c i d  ( l  m l . ) ,  s h a k e n ,  and l e f t  f o r  24 h r s .  
t h e  m i x t u r e  was t h e n  e x t r a c t e d  w i t h  e t h e r  ( 2  x  15  m l . ) ,  t h e  
combined e t h e r a l  e x t r a c t s  w e re  washed w i t h  aqueous  
sodium c a r b o n a t e ,  d r i e d  ( N a 2 S 0 ^ ) ,  and- was e v a p o r a t e d
o f f  i n  a s t re a m  o f  d r y  a i r .  T h e re  r e m a in e d  c rud e  2~az idobutan»*
3 -o n e  ( 1 . 3  g . ,  ( 4 2 $ ) ) ,  w h ic h  gave  a s e m ic a r h a z o n e ,  m .p .  
9 3 . 5 —9 4 . 5 ° ,  n e e d l e s  f ro m  b e n z e n e - l i g h t  p e t r o l e u m .  (F oun d :  
c ,  3 5 . 0 5 ;  H, 5 . 9 ;  N, 4 9 . 3 5 .  r e q u i r e s :  C, 3 5 . 3 ;
H, 5 . 9 ;  H, 4 9 . 4 $ ) .  F o r s t e r  and F r i e s  [ 6 9 ] r e p o r t  m .p .  9 4 °  f o r  
t h i s  compound. I t  d e p r e s s e d  th e  m .p .  o f  th e  s e m ic a rb a z o n e  o f  
t h e  a z i d e  p r e p a r e d  f r o m  m e t h y l  v i n y l  k e t o n e .
The P r e p a r a t i o n  o f  l - C h l o r o b u t a n - 3 - o n e  
(M e th o d  o f  Sm ith  and Sprung [ 7 0 ] ) .
A s t re a m  o f  h y d ro g e n  c h l o r i d e  ( d r i e d  o v e r  s u l p h u r i c  a c i d )  
was pa ss e d  i n t o  m e t h y l  v i n y l  k e t o n e  (2 8  g . ) ,  s u r ro u n d e d  by an 
i o e  b a t h ,  u n t i l  t h e  w e i g h t  o f  t h e  c o n t a i n i n g  f l a s k  and i t s  con­
t e n t s  had i n c r e a s e d  by 20 g .  The passa ge  o f  h y d ro g e n  c h l o r i d e  
was th e n  s t o p p e d ,  t h e  i c e  b a t h  was re m o v e d ,  and th e  m i x t u r e  was 
l e f t  f o r  1 h o u r ;  i t  was t h e n  p o u re d  i n t o  i c e - w a t e r  ( 1 0 0  m l . ) ,  
t h e  m i x t u r e  was j u s t  n e u t r a l i s e d  w i t h  aqueous sodium h y d r o x i d e  , 
and e x t r a c t e d  w i t h  e t h e r  ( 3  x 50 m l , ) .  The combined e x t r a c t s  
w ere  d r i e d  (N a ^ S O ^ ) ,  and th e  s o l v e n t  was d i s t i l l e d  o f f .  The 
d a r k  r e s i d u e  was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e ,  u s i n g  a 15 cm 
column f i l l e d  w i t h  Fe nske  h e l i c e s ,  and t h e  f r a c t i o n  b . p .  5 4 - 5 8 ° /  
35 mm, was c o l l e c t e d .  T h i s  was r e d i s t i l l e d ,  u s i n g  t h e  same 
c o lu m n ,  and t h e  f r a c t i o n  b . p .  4 8 —4 9 ° / l 8  mm. was c o l l e c t e d  
( 1 9 . 3  g .  , 4 5 $ ) .  ( S m i t h  and Sprung [ 7 6 ]  r e p o r t  b . p . 4 8 - 5 0 ° / l 5  mm
The P r e p a r a t i o n  o f  t h e  S e m ic a rb a z o n e  o f  l - A z i d o b u t a n - 3 - o n e
1 - C h l o r o b u t a n —3 -o n e  ( 5 * 3  g . ) was added to  a s o l u t i o n  o f  
sodium a z i d e  ( 1 0  g . ) i n  w a t e r  ( 3 0  m l . )  and a c e t i c  a c i d  ( 2 0  m l . ) ,
and t h e  m i x t u r e  was l e f t  f o r  48 h o u r s ;  i t  was t h e n  e x t r a c t e d  
w i t h  e t h e r  ( 2  x  25 m l . ) ,  t h e  combined e x t r a c t s  w ere  washed w i t h  
aqueous sodium h y d ro g e n  c a r b o n a t e  u n t i l  no more c a rb on  d i o x i d e  
was e v o l v e d ,  d r i e d  (NagSCty), and t h e  s o l v e n t  was e v a p o r a t e d  o f f  
i n  a s t re a m  o f  d r y  a i r .  T h e re  r e m a in e d  c ru d e  1—a z i f l o b u t a n —3-o n e  
( 3 . 2 0  6 # , ( 5 7 $ ) ) .  I t  gave a s e m i c a r b a z o n e . m .p .  1 1 3 - 1 1 4 ° ?  a lo n e  
and when m ixed  w i t h  a sample o f  t h e  s e m ic a rb a z o n e  o f  t h e  a z i d e  
p r e p a r e d  f r o m  m e t h y l  v i n y l  k e t o n e .
THE DECOMPOSITION OF THE AZIDES DERIVED FROM METHYL V IN YL  
KETONE, METHYL isoPROPENYL KETONE AND MESITYL OXIDE
IN  SULPHURIC ACID
( D u p l i c a t e  e x p e r i m e n t s  w ere  p e r f o r m e d .  The r e s u l t s  o f  t h e s e  
r e a c t i o n s  a r e  summarised i n  T a b l e  8 ,  page 9 4 . )
The A z id e  f ro m  M e t h y l  V i n y l  K e to n e  ( l - A z i d o b u t a n - 3 - o n e )
To t h e  f r e s h l y  p r e p a r e d  a z i d e  ( ( i )  3 .9 9 ?  ( i t )  3 - 5 3  6 * ) ?  
s t i r r e d  and s u r r o u n d e d  b y  an i c e  b a t h ,  was added w a t e r  ( 5  m l . ) ,  
f o l l o w e d  by  s u l p h u r i c  a c i d  ( 8 0 $ ,  50 m l . ) ,  d r o p w is e  d u r i n g  30  
m i n .  The s t i r r i n g  was c o n t i n u e d  u n t i l  t h e  e v o l u t i o n  o f  gas
had c e a s e d ,  when t h e  r e a c t i o n  m i x t u r e  was p o u re d  i n t o  i o e - w a t e r  
( 6 0 0  m l . ) .  T r e a t m e n t  was c o n t i n u e d  as d e s c r i b e d  on page 129?
e x c e p t  t h a t  t h e  s o l u t i o n  was n o t  c h l o r o f o r m  e x t r a c t e d .  The 
f r a c t i o n s  th u s  i s o l a t e d  were  d e a l t  w i t h  as d e s c r i b e d  b e lo w .
( V I )  -  A brown s o l i d .  T h i s  was ground u n d e r  e t h a n o l ,  t h e  
m i x t u r e  was f i l t e r e d ,  and th e  r e s i d u e  was washed w i t h  e t h a n o l .
The r e m a i n i n g  s o l i d ,  ammonium c h l o r i d e  ( ( i ) 0 . 9 9  g . ? ( 5 2 $ ) ,
( i i )  0 . 7 9  g . ? ( 4 8 $ ) ) ,  was i d e n t i f i e d  t h r o u g h  i t s  b e n z o a t e ,  w h ic h  
a f t e r  two r e c r y s t a l l i s a t i o n s  f r o m  e t h y l  a c e t a t e - l i g h t  p e t r o l e u m  
had m .p ,  1 2 7 —1 2 8 ° .
( V I I ) -  A r e d  s o l i d .  I n  t h e  p r e p a r a t i o n  o f  t h i s ,  o n l y  a sample  
o f  ( i l l )  ( ( i )  1 2 .5 ?  ( i i )  25 m l . )  o u t  o f  a t o t a l  volume o f
( ( i )  2 5 0 ,  ( i i )  100  m l . )  was used t o  p r e p a r e  th e  2 , 4 - d i n i t r o p h e n y l -  
h y d r a z o n e .  The l a t t e r  was washed w e l l  w i t h  e t h a n o l ,  and t h e n  
w i t h  b e n z e n e .  T h e re  r e m a in e d  th e  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  
o f  d i a c e t y l  ( ( i )  0 . 2 1 ,  ( i i )  0 . 9 8  g » ) .  These q u a n t i t i e s  a r e  
e q u i v a l e n t  t o  ( ( i )  4 . 2 8  g .  , ( 2 7 % ) ,  ( i i )  3 . 9 0  g .  , ( 2 8 % ) )  f o r  th e  
w h o le  o f  t h e  m i x t u r e .  A f t e r  r e c r y s t a l l i s a t i o n  f r o m  b e n z a l d e h y d e  
i t  had m .p ,  and m ixe d  m .p .  3 1 5 - 3 1 6 ° .  To t h e  r e m a i n d e r  o f  
f r a c t i o n  ( i l l )  was added h y d r o x y la m in e  h y d r o c h l o r i d e  ( 2  g . ) and 
sodium a c e t a t e  ( 3  g . ) ?  and t h e  m i x t u r e  was h e a t e d  on th e  steam  
b a t h  f o r  1 h o u r .  A f t e r  c o o l i n g ,  c o l o u r l e s s  n e e d l e s  o f  d i m e t h y l -  
g l y o x im e  s e p a r a t e d ,  w h ic h  a f t e r  two r e c r y s t a l l i s a t i o n s  f ro m  
e t h a n o l  had m .p .  2 4 4 - 2 4 5 ° ?  a l o n e  and when m ixed  w i t h  an 
a u t h e n t i c  sp ec im e n .
B oth  t h e  d e c o m p o s i t io n  o f  t h i s  a z i d e ,  and th e  su b s e q u en t  
t r e a t m e n t  o f  t h e  p r o d u c t s  w ere  c a r r i e d  o u t  as i n  t h e  case o f  
m e t h y l  v i n y l  k e t o n e ,  u s i n g  t h e  f r e s h l y  p r e p a r e d  a z i d e  ( ( i ) 3 . 6 0  
( i i )  3 . 5 8  g . ) .
( V I )  -  A brown s o l i d .  T h i s  was ground u n d e r  e t h a n o l ,  t h e  
m i x t u r e  was f i l t e r e d ,  and t h e  r e s i d u e  was washed w i t h  e t h a n o l .  
T h e re  r e m a in e d  ammonium c h l o r i d e  ( ( i )  0 . 4 3  g » ( 2 9 $ ) ,  C ^ )  0 . 4 0  g 
( 3 0 $ ) ) ,  i d e n t i f i e d  t h r o u g h  i t s  b e n z o a t e ,  w h ic h  a f t e r  r e c r y s t a l l  
s a t i o n s  f r o m  e t h y l  a c e t a t e - l i g h t  p e t r o l e u m  had m .p .  and m ixed  
m .p .  1 2 7 - 1 2 8 ° .
( V I I ) -  A t r a c e  o f  o ra n g e  t a r .
( V I I I )  -  None.
The A z id e  f ro m  M e s i t y l  O x ide
The f r e s h l y  p r e p a r e d  a z i d e  ( ( i )  4 . 6 2 ,  ( i i )  4 * 6 5  g . ) was  
added d r o p w is e  t o  s t i r r e d ,  i c e - c o o l e d ,  s u l p h u r i c  a c i d  ( 8 0 $ ,
50 m l . ) ,  and t h e  s t i r r i n g  was c o n t i n u e d  u n t i l  t h e  e v o l u t i o n  o f  
gas had c e a s e d ,  when t h e  r e a c t i o n  m i x t u r e  was p o u re d  i n t o  i c e -  
w a t e r  ( 6 0 0  m l . ) .  T r e a t m e n t  was c o n t i n u e d  as d e s c r i b e d  on 
page 1 2 9 ,  and t h e  f r a c t i o n s  th u s  i s o l a t e d  w ere  d e a l t  w i t h  as  
shown b e lo w .
( V I )  -  A brown s o l i d .  T h i s  was b e n z o y l a t e d  b y  th e  S c h o t t e n -  
Baumann t e c h n i q u e ,  u s i n g  b e n z o y l  c h l o r i d e  ( 5  m l . ) ,  A brown
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o i l  s e p a r a t e d  f ro m  t h e  s o l u t i o n .  The m i x t u r e  was e x t r a c t e d  
w i t h  e t h y l  a c e t a t e  ( 2  x  50 m l . ) ,  th e  com bined  e x t r a c t s  w ere  
washed w i t h  w a t e r  ( 2 5  m l . ) ,  d r i e d  (N a ^ S O ^ ) ,  and th e  s o l v e n t  
was d i s t i l l e d  o f f .  The brown o i l  w h ic h  r e m a in e d  was d i s s o l v e d  
i n  benzen e  ( 2 0  m l . )  and c h ro m a to g ra p h e d  on a lu m in a  (1 2  x  1 . 5  cm.).  
The f o l l o w i n g  f r a c t i o n s  w ere  c o l l e c t e d
A -  b e nzen e  ( ( i ) ,  ( i i )  10 0  m l . ) ,  f o r e r u n .
B -  b e n zen e  ( ( i ) ,  ( i i )  1 0 0 0  m l . ) ,  gave N - m e t h y lb e n z a m id e
( ( i )  2 . 4 3  g . ? ( 4 9 $ ) ?  ( i i )  1 . 9 2  g . ,  ( 4 0 $ ) ) ,  w h ic h  a f t e r
two r e c r y s t a l l i s a t i o n s  f r o m  a c e t o n e - l i g h t  p e t r o l e u m  had  
m .p .  and m ixed  m .p .  8 0 . 5 - 8 1 . 5 ° .
£  -  2 $  m e t h a n o l  i n  b e n z e n e  ( ( i ) ,  ( i i )  H O  m l . ) ,  gave a brown
gum.
D -  2 $  m e th a n o l  i n  be nzene  ( ( i ) ,  ( i i )  250  m l . ) ,  gave be n zam id e  
( ( i )  0 . 3 6  g , , ( 7 $ ) ?  ( i i )  0 . 2 4  g . , ( 8 $ ) ) ,  w h ic h  a f t e r  two 
r e c r y s t a l l i s a t i o n s  f r o m  e t h y l  a c e t a t e - l i g h t  p e t r o l e u m  
had m .p .  and m ixed  m .p .  1 2 7 - 1 2 8 ° .
( V I I ) . -  A r e d  t a r r y  s o l i d .  R e c r y s t a l l i s a t i o n  f ro m  e t h y l  
a c e t a t e - l i g h t  p e t r o l e u m  gave y e l l o w  n e e d l e s  ( ( i )  0 .3 5 ?  ( i i )
0 . 2 8  g . ) «  F u r t h e r  r e c r y s t a l l i s a t i o n  f r o m  e t h a n o l  gave y e l l o w  
p l a t e s  m .p .  1 2 1 - 1 2 2 ° .  (F o u n d :  C, 5 0 .9 ?  H, 4 . 6 3 ? N, 21 .5®  
t y ^ H ^ t y O ^  r e q u i r e s :  C, 5 0 . 0 ;  H, 4 . 6 ;  N ,  2 1 . 2 $ ) .  T h i s
s o l i d  was n o t  f u r t h e r  c h a r a c t e r i s e d .
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( D u p l i c a t e  e x p e r i m e n t s  w ere  p e r f o r m e d )
The f r e s h l y  p r e p a r e d  a z i d e  ( ( i )  3 * 9 0 ,  ( i i )  3 . 8 ?  g .  ) was 
added o v e r  30 m in .  t o  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  ( 6 0  m l . )  
s t i r r e d ,  and s u r ro u n d e d  hy  a w a t e r  h a t h  a t  2 0 ° .  The s t i r r i n g  
was c o n t i n u e d  f o r  a f u r t h e r  2 h o u r s ,  when t h e  e v o l u t i o n  o f  gas 
had c e a s e d .  The m i x t u r e  was p o u re d  i n t o  i c e —w a t e r  ( 6 0 0  m l . ) .
T r e a t m e n t  was c o n t i n u e d  as d e s c r i b e d  on page 129  and t h e  
f r a c t i o n s  th u s  i s o l a t e d  w ere  d e a l t  w i t h  as  shown b e lo w .
i n i  -  T h e s e ,  t h e  d i s t i l l a t i o n  r e s i d u e s ,  w ere  b e n z o y l a t e d  by  
th e  S c h o t te n -B a u m an n  t e c h n i q u e ,  u s in g  b e n z o y l  c h l o r i d e  ( 5  m l . ) .
A t a r r y  s o l i d  was o b t a i n e d ,  vriiich was d i s s o l v e d  i n  e t h y l  a c e t a t e  
t h e  s o l u t i o n  was d r i e d  (N a ^ S O ^ ) ,  and t h e  s o l v e n t  was d i s t i l l e d  
o f f .  The r e s i d u e  was t r i t u r a t e d  w i t h  a l i t t l e  e t h y l  a c e t a t e ,  
and a w h i t e  s o l i d  was f i l t e r e d  o f f .  I t ,  ( ( i )  0 .0 7 3 ?  ( i i )
0 . 0 5 4  g . ) ?  th e  d i b e n z o a t e  o f  e t h y l e n e d i a m i n e , a f t e r  two r e ­
c r y s t a l l i s a t i o n s  f r o m  e t h a n o l  had m .p .  2 4 7 —2 4 8 ° ,  a lo n e  and when 
m ixed  w i t h  an a u t h e n t i c  specimen o f  t h e  same m .p .
( V I I I )  -  None.
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( V l ) -  A brown s o l i d .  T h is  was ground u n d e r  e t h a n o l ,  th e  
r e s i d u e  was f i l t e r e d  o f f ,  and washed w i t h  e t h a n o l .  T h e re  r e ­
m ained  ammonium c h l o r i d e  ( ( i )  1 . 1 6  g . , ( 6 1 $ ) ,  ( i i )  1 . 1 0  g . , 
( 6 4 $ ) ) ,  w h ic h  was i d e n t i f i e d  t h r o u g h  i t s  b e n z o a t e ,  m .p .  and 
m ixed  m .p .  1 2 7 —1 2 8 ° ,  a f t e r  two r e c r y s t a l l i s a t i o n s  f ro m  e t h a n o l ,  
( V X I )  — A r e d  s o l i d .  I n  th e  p r e p a r a t i o n  o f  t h i s  2 , 4 - d i n i t r o — 
p h e n y lh y d r a z o n e  o n l y  a sample ( ( i ) ,  ( i i )  50 m l . )  o f  ( i l l ) ,  o u t  
o f  a t o t a l  vo lume o f  ( ( i )  388*  ( i i )  331 m l . )  was u s e d .  I t  
was washed w e l l  w i t h  m e th a n o l  and t h e n  w i t h  b e n z e n e .  T h e re  
r e m a in e d  t h e  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  o f  d i a c e t y l  ( ( i )  1 . 1 1 ,
( i i )  1 . 1 9  g . ) .  These q u a n t i t i e s  a re  e q u i v a l e n t  t o  ( ( i )  8 . 4 6  g .  , 
( 5 6 $ ) ,  ( i i )  7 . 8 6  g . , ( 5 1 $ ) ) ,  A f t e r  r e o r y s t a l l i s a t i o n  f r o m  
b e n z a l d e h y d e  t h e  2 , 4 - d i n i t r o p h e n y l h y d r a z o n e  had m .p .  and m ixed  
m .p .  3 1 5 - 3 1 6 0 , To t h e  r e m a i n d e r  o f  f r a c t i o n  ( i l l )  was added  
h y d r o x y l a m i n e  h y d r o c h l o r i d e  ( 2  g . ) and sodium a c e t a t e  ( 3  g . ) *  
and t h e  m i x t u r e  was h e a t e d  on th e  steam b a t h  f o r  1 h o u r .  A f t e r  
c o o l i n g ,  c o l o u r l e s s  n e e d l e s  o f  d i m e t h y l g l y o x i m e  s e p a r a t e d ,  
w h ic h  a f t e r  two r e c r y s t a l l i s a t i o n s  f r o m  e t h a n o l  had m .p .  and 
m ixed  m .p .  244 - 2 4 5 ° .
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